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IRRIGATION  REPORTS. 

The  followiog  list  contains  titles  and  brief  descriptioDs  of  the  principal 

relating  to  water  supply  and  irrigation  prepared  by  the  United  States  Qe 

Sorvey  since  1890 : 

1890. 

First  Annual  Beport  of  the  United  States  Irrigation  Surrey,  1890,  octavo,  12 

Printed  aa  Fart  II,  Irrigation,  of  the  Tenth  Annual  Report  of  the  United  States  € 
Survey,  188^-89.  Contains  a  statement  of  the  origin  of  the  Irrigation  Sorrey,  a  pn 
report  on  the  organization  and  proseontion  of  the  surrey  of  tiie  arid  lands  for  purpow 
gation,  and  report  of  work  done  during  1890. 

1891. 

Second  Annual  Report  of  the  United  States  Irrigation  Survey,  1891,  ootavo, 

Puhlished  as  Part  II,  Irrigation,  of  the  Elevehsh  Annual  Report  of  the  United  State 
ical  Survey.  1889-90.    Contauis  a  description  of  the  hydrography  of  the  arid  region  au».  ..  . 
engineering  operations  carried  on  by  the  Irrigation  Survey  during  1890;  aUto  the  statement  of 
the  Director  of  the  Sur\'ey  to  the  House  Comniittee  on  Irrigation,  and  other  papers,  including  a 
bibliography  of  irrigation  literature.    Illnstrated  by  29  plates  and  4  figures. 

Third  Annual  Report  of  the  United  States  Irrigation  Survey,  1891,  ootavo,  576  pp. 

Printed  as  Part  II  of  the  Twelfth  Annual  Beoort  of  the  United  States  Geological  Survey, 
1890-61.  Conlaina  a  report  upon  the  location  and  survey  of  reservoir  sites  dnnng  the  fisoal 
year  ending  June  tfO,  1891,  by  A.  H.  Thompson;  '* Hydrography  of  the  arid  regions,"  bvF.  H. 
Newell :  * '  Irrigation  in  India, "  by  Herbert  M.  Wilson.    Illustrated  by  93  phites  and  190  flgnres. 

Bulletins  of  the  Eleventh  Census  of  the  United  States  upon  irrigation,  prepared 
by  F.  H.  Newell,  quarto. 

No.  35,  Irrigation  in  Arizona;  No.  60,  Irrigation  in  New  Mexico;  No.  85,  Irriga- 
tion in  Utah;  No.  107,  Irrigation  in  Wyoming;  No.  153,  Irrigation  in  Montana; 
No.  157,  Irrigation  in  Idaho ;  No.  163,  Irrigation  in  Nevada ;  No.  178,  Irriiration 
in  Oregon;  Ko.  193,  Artesian  wells  for  irrigation;  No.  198,  Irrigation  iu  Wash- 
ington. 

Irrigation  of  western  United  States,  by  F.  H.  Newell;  extra  census  bulletin  No.  23, 
September  9, 1892,  quarto,  22  pp. 

Ckmtains  tabulations  showing  the  total  number,  awrase  size,  etc.,  of  irrigated  holdings,  tlie 
total  area  and  average  sixe  of  irrigated  farms  in  the  subhnmid  regions,  the  percentage  or  num- 
ber of  farms  irrigated,  character  of  crops,  ralue  of  irrigated  lands,  the  average  cost  of  irrigation, 
the  investment  and  proflts,  together  with  a  r69um6  of  the  water  supply  and  a  description  of  irri- 
gation by  artesian  wells.  Illustrated  by  colored  maps  showing  Relocation  and  relative  extent 
of  the  irrigated  areas. 

1893. 

Thirteenth  Annual  Report  of  the  United  States  Geological  Surrey,  1891-92,  Part  III, 
Irrigation,  1893,  ootavo,  486  pp. 


Consists  of  three  papers:  "Water  supply  for  irrigation,"  by_F.H.Kewcll;  "Ameriean  engi- 
Ineering  results  of  the  Irrfffi 

__^jgrapiiio  maps  and  selection 

Illustrated  by  77  plates  and  119  figures. 


noering  and  engineering  results  of  the  irngatiou  Survey,"  by  Herbert  M.  Wilson;  "Construe- 
tion  or  topographic  maps  and  selection  ana  survey  of  resorVoir  sites,"  by  A.  H.  Thompson. 


A  geological  reconnoissance  in  central  Washington,  by  Israel  Cook  Bussell,  1893, 
octavo,  108  pp.,  15  plates.  Bulletin  No.  1(%  of  the  United  States  Greologioal 
Survey ;  price,  15  cents. 


Contains  a  description  of  the  examination  of  the  geologic  structure  in  and  adjacent  to  the 
drainage  basin  of  Yakima  River  and  the  great  plains  of  uie  Columbia  to  the  east  of  this  area, 
with  special  reference  to  the  occurrence  of  artesian  waters. 


1894. 

Report  on  agriculture  by  irrigation  in  the  western  part  of  the  United  States  at  the 
Eleventh  Census,  1890,  by  F.  H.  Newell,  1894,  quarto,  283  pp. 

Consists  of  a  general  description  of  the  condition  of  irrigation  in  the  United  States,  the  area 
irrigated,  cost  of  works,  their  value  and  profits;  also  describes  the  water  supply,  the  value  of 
water,  of  artesian  wells,  reservoirs,  and  other  details ;  then  takes  np  each  State  and  Territory 
in  order,  giving  a  senerat  description  of  the  condition  of  agriculture  oy  irriga;tioB,  and  disooases 
the  physical  condmon  and  local  peculiarities  in  each  county. 

Fourteenth  Annual  Report  of  the  United  States  Geological  Survey,  1892-93,  in  two 
parts.  Part  II,  Accompanying  papers,  1894,  octavo,  597  pp. 

Contains  papers  on  '^potable  waters  of  the  eastern  United  States,"  by  W.  J.  McGee;  "natural 
mineral  waters  of  the  united  States,"  by  A.  C.  Peale;  "  resulto  of  stream  m«wnrMneats,"  by 
F.  H.  Newell.     Illustrated  by  maps  and  cUagrams. 

(Continued  on  third  pqjro  of  cover.) 
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LETTER  OF  TRANSMITTAL. 


i^epartment  op  the  interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 

Washington,  June  i,  1897. 

Sir:  I  have  the  honor  to  transmit  herewith  a  series  of  tables 

pertaining   mainly  to  river   heights,  prepared   by  the   Division  of 

Hydrography  of  this  Survey,  and  to  recommend  that  it  be  published 

ill  the  series  of  papers  ^4n  relation  to  the  gauging  of  streams  and  to 

the  methods  of  utilizing  the  water  resources,"  the  iJrintiiig  of  which  was 

authorized  in  the  act  making  appropriations  for  sundry  civil  expenses 

of  the  Government  for  the  fiscal  year  ending  June  30, 1897,  approved 

June  11, 1896. 

Yery  respectfully, 

F.  H.  Newell, 

JTydrographer  in  Charge. 
Hon.  Charles  D.  Waloott, 

Director  United  States  Geological  Survey. 
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RIVER  HEIGHTS  FOR  1896. 


By  Arthur  P.  Davis. 


DAIIiY  GAGE  HEIGHTS  OBSERVED  DURING  1896. 

The  series  of  tables  here  presented  pertain  mainly  to  the  river  heights 
observed  and  recorded  daring  1890  by  persons  employed  by  or  cooper- 
ating with  the  Division  of  Hydrography  of  this  Survey.  There  are 
also  included  a  few  tables  obtained  from  the  Weather  Bureau  through 
the  courtesy  of  Hon.  Willis  L.  Moore,  chief  of  that  Bureau.  These 
give  the  heights  of  water  at  i)oints  near  localities  where  measurements 
have  been  made  by  hydrographers  of  this  Survey,  and  are  of  value  in 
computations  of  discharge.  A  few  similar  tables  have  been  obtained 
through  ofiBcers  of  the  Engineer  Corps  of  the  United  States  Array,  from 
observations  made  in  connection  with  investigations  pertaining  to  the 
improvement  of  navigation.  There  are  appended  tables  of  evapora- 
tion, seepage,  meter  ratings,  and  other  similar  details  to  which  refer- 
ence is  made  by  hydrographers  of  this  Survey. 

These  tables  pertain  to  the  progress  report  of  stream  meaai^rements 
for  1896,  prepared  by  the  Division  of  Hydrography  and  printed  in 
Part  IV  of  the  Eighteenth  Annnal  Report  of  the  Survey.  They  might 
properly  have  been  included  in  the  progress  report,  but  since  they 
relate  to  minor  details  and  have  a  comparatively  limited  application,  it 
has  been  thought  best,  from  considerations  of  economy  and  from  the 
necessity  of  reducing  the  size  of  the  annual  report,  to  include  these  in 
a  separate  publication  of  more  limited  distribution.  On  the  other  hand, 
these  data  should  be  printed  and  thus  made  available  for  the  use  of 
hydrographers,  not  only  those  connected  with  this  Survey,  but  others 
occupied  in  similar  examinations  throughoiit  the  country. 
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RIVER   HEIGHTS   FOR   1896. 


(Nail. 


Patapsoo  River  at  Woodetockf  Maryland. 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Aug.  Sept. 


8.00 
3.70 
3.00 
8.50 
3.80 
8.00 
3.70 
3.85 
3.85 
3.75 
3.70 


3.55 
3.50 
3.45 
3.50 
3.65 
3.85 
8.85 
3.00 
3.55 
3.60 
3.50 
3.50 
3.45 
3.55 
3.55 
3.65 


Oct. 

Nov. 
8.70 

Dec. 

3.85 

4.06 

3.65 

8.70 

4.00 

3.60 

3.70 

8.05 

3  60 

3.75 

8.75 

3.65 

3.00 

3.75 

3.65 

4.10 

8.85 

3.65 

3.05 

3.00 

3.50 

3.85 

8.70 

3.70 

4.10 

3.75 

3.65 

4.00 

3.75 

i.70 

3.85 

3.70 

3.85 

3.80 

3.70 

8.05 

8.80 

3.70 

3.80 

3.80 

3.75 

3.75 

3.80 

3.65 

3.65 

4.00 

3.65 

J>aj. 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
31 


Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

8.70 

8.60 

3.70 

3.65 

8.70 

3.60 

3.70 

8.70 

3.70 

3.60 

3.65 

3.00 

3.65 

8.65 

3.60 

3.65 

3.70 

3.45 

3.a5 

3.70 

3.70 

3.65 

3.66 

3.35 

3.20 

8.70 

3.70 

3.66 

3.40 

3.60 

3.70 

8.75 

3.66 

3.65 

3.50 

3.66 

3.70 

3.60 

3.65 

3.55 

3.75 

8  65 

3.50 

3.55 

8.50 

3.80 

3.50 

3.65 

3.70 

3.55 

3.70 

3  05 

3.66 

3.50 

3.50 

8.70 

3.66 

3.85 

3.40 

3.60 

3.70 

4.90 

3  85 

3.55 

3.40 

3.70 

4.20 

3.60 

3.86 

3.70 

3.75 

Patuxent  River  at  Laurel,  Maryland. 


Day. 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

U 

12 

13 

14 

15 

16 


Aug. 


4.30 
4.30 
4.10 
4.20 
4.00 
4.00 
3.50 
3.90 
4.30 
4.10 
4.10 
4.30 
4.50 
3.60 


Sept. 


4.20 
4.00 
4.00 
3.50 
4.20 
4.50 
4.00 
3.30 
3.30 
4.30 
2.30 
4.50 
2.20 
2.90 
4.50 
4.70 


Oct. 

!nov. 

1 

Dec. 

1 
4.75 

4.76 

3.15 

4. 30  1  4. 35 

4.85 

3.80  ,  3.05 

4.65 

3.20 

4.40 

4.70 

8.95 

4.60 

4.75 

3.75 

4.65 

3.95 

3.80 

4.80 

4.86 

8.75 

3.25 

4.75 

3.75 

4.80 

4.75 

3.80 

4.45 

4.70 

3.10 

4.70 

4.65 

3.90 

4.60 

4.65 

8.80 

4.60 

3.85 

3.90 

4.45 

4.60 

8.80 

8.55 

4.65 

3.80 

4.60 

4.60 

Day. 


17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 

80 

81 


Aug. 

Sept. 

Oct. 

Nov. 

4.50 

Dec. 

4.60     4.50 

3.80 

4.40 

4.00 

3.75 

3.10 

4.40 

4.66 

4.10 

4.35 

3.85 

4.50 

4.40 

4.60 

5.10 

8.90 

4.50 

3.20 

4.60 

8.90 

4.45 

4.50 

4.60 

4.40 

3.75 

4.30 

3.00 

4.50 

8.60 

3.65 

4.45 

4.65 

4.30 

4.40 

3.80 

4.40 

4.30 

3.85 

4.60 

3.70 

3.25 

4.30 

4.15 

4.60 

3.80 

4.C0 

3.16 

4.25 

4.50 

3.06 

4.56 

4.65 

4.05 

4.50 

3.70 

4.16 

4.20 

4.25 

4.40 

3.70 

8.95 

5.50 

4.70 

2.70 

4.86 

4.10 

6.00 

4.66 

4.70 

3.95 

4.90 

Potomac  River  at  Cumherlandt  Maryland. 


Jan. '  Feb.    Mar.    Apr.    May 


4.60 
4.80 
4.00 
3.80 
3.80 
3.80 
4.60 
3.90 
3.00 
3.40 
3.10 
3.30 
4.90 
4.10 
3.80 
3.80 
3.50 
3.50 
3.20 
3.20 
3.20 
3.20 
3.30 
3.10 
3.80 
8.80 
8.80 
8.20 
3.70 


3.90 
3.70 
3.00 
3.30 
3.10 
.^10 
3.10 
3.60 
3.40 
3.30 
3.30 
3.40 
3.10 
3.10 
3.10 
3.20 
3.30 
3.80 
3.50 
3.60 
3.70 
3.70 
4.00 
3.90 
3.70 
4.00 
5.00 
4.50 
6.80 
8.00 
6.00 


5.00 
4.80 
4.40 
4.20 
3.80 
3.80 
3.70 
3.70 
3.70 
3.70 
3.70 
4.30 
4.30 
4.10 
3.90 
3.80 
3.80 
3.70 
3.50 
3.60 
3.50 
3.50 
3.30 
3.40 
8.50 
3.50 
8.50 
3.50 
8.50 
8.40 


4.-50 
4.50 
4.50 
4.50 
3.40 
3.30 
3.10 
3.00 
3.00 
3.U0 
2.00 
2.90 
3.50 
3.50 
3.30 
3.20 
3.10 
3.40 
3.50 
3.80 
3.80 
3.60 
3.40 
3.40 
3.50 
3.60 
4.00 
3.70 
4.10 
4.00 
3.  80 


June. 

July. 
3.10 

Aug. 

Sept 

3.00 

3.80 

2.60 

3. 50     3. 10 

3.80 

2.70 

3. 40     3. 10 

3.80 

2.70 

3. 50     3. 10 

3.70 

2.70 

3.  30     3. 10 

3.30 

2.70 

3.  30  ;  2. 90 

3.30 

2.80 

3. 80     2. 90 

3.20 

2.90 

3. 70     2.  00 

3.20 

2.90 

3.40 

3.10 

3.40 

2.90 

3.40 

3.70 

3.40 

2.90 

3.40 

3.40 

3.80 

2.80 

3.40 

3.30 

3.30 

2.70 

3.20 

3.10 

.3.10 

2.90 

3.20 

3.00 

3.60 

3.00 

3.30 

3.00 

3.50 

3.10 

3.30 

3.00 

3.30 

3.50 

8.70 

8.00 

3.10 

3.00 

4.10 

3.80 

3.00 

3.00 

3.70 

3.10 

2.90 

3.00 

3.60 

3.10 

2.00 

2  90 

3.30 

3.30 

3.00 

3.00 

3.30 

4.00 

3.00 

3.10 

3.20 

4.70 

3.00 

8.10 

8.50 

4.60 

3.20 

8.00 

3.50 

10.00 

3.00 

8.00 

3.60 

6.50 

2.90 

3.00 

3.50 

4.70 

2.90 

3.  CO 

3.30 

4.90 

2.90 

2.90 

3.80 

4.60 

2.90 

2.90 

3.20 

4.60 
4.50 

2.90 

10.00 

Oct 


5.50 
4.50 
4.50 
3.50 
3.40 
3.30 
3.10 
3.10 
3.10 
3.00 
3.00 
3.10 
3.10 
3.00 
3.00 
3.00 
3.00 
3.00 
I  2.00 
2.90 
3.10 
3.10 
8.10 
8.30 
3.70 
3.50 
3.20 
3.20 
3.10 
3.10 
3.10 


Nov. 


8.10 
3.10 
3.10 
8.20 
3.20 
6.50 
4.60 
3.80 
3.80 
3.70 
3.  CO 
3.50 
8.50 
3.40 
3.20 
3.10 
3.10 
3.20 
3.30 
3.80 
3.20 
3.30 
8.30 
8.40 
3.30 
8.80 
8.20 
8.20 
8.90 
4.00 


Deo. 


3.70 
3.50 
3.40 
3.30 
8.80 
3.30 
3.80 
3.20 
3.30 
3.30 
3.40 
3.60 
3.40 
3.30 
3.30 
3.30 
3.30 
3.80 
3.30 
3.30 
8.20 
S.20 
3.20 
3.20 
3.20 
3.20 
3.10 


8. 
8. 

8. 
8. 


10 
10 
10 
20 


DAVIS.} 


GAGE   HEIGHTS   IN   THE    POTOMAC    BASIN. 


North  River  at  Port  Republic,  Virginia. 


Day. 


1.. 

2.. 

3.. 

4. 

5. 

G.. 

7. 

8.. 

0. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21., 
22.. 
23. 
24.. 
25.. 
26. 
27. 
28. 
29.. 
30.. 
31. 


Jan. 


8.00 
2.70 
2.50 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.20 
2.20 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
6.15 
5.30 
4.00 
3.30 
3.00 
2.80 
2.00 
2.60 


Fob. 


2.50 
2.50 
2.80 
3.80 
3.80 
5.00 
5.70 
4.50 
4.10 
3.70 
3.60 
3.30 
3.30 
5.20 
4.70 
3.80 
3.60 
3.10 
3.00 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.00 
2.60 
2.60 


Mar. 


2.60 
2.00 
2.60 
2.60 
2.60 
2.50 
2.50 
2.50 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.60 
2.60 
2.80 
3.20 
4.80 
7.20 
5.00 
4.80 
4.00 
3.80 
3.50 
3.60 
3.50 
3.50 
4.40 
6.50 
5.90 


Apr.  I  May. 


5.40 
5.00 
4.60 
4.20 
4.00 
3.60 
3.50 
3.50 
3.40 
3.30 
3.30 
3.20 
3.20 
3.00 
3.00 
(a) 


b2.22 
2.22 
2.22 


2.32 
2.52 
2.52 
3.32 
3.32 
3.32 
3.12 
2.92 
2.72 
2.72 
2.72 
2.62 
2.52 
5.82 
3.82 
3.22 
3.02 
2.82 
2.62 
2.62 
2.62 
2.62 
2.62 
2.62 
2.52 
2.52 
2.53 
2.42 
2.42 
2.42 
2.42 


Jane. 

Jul3'. 

2.42 

2.80 

2.32 

2.70 

2.32 

2.70 

2.22 

2.60 

2  2U 

2.60 

2.20 

2.80 

4.50 

2.80 

3.00 

2.80 

2.60 

7.50 

2.50 

5.30 

2.30 

3.90 

2.30 

3.60 

2.20 

3.30 

2.20 

3.00 

2.20 

3.30 

2.20 

3.00 

2.50 

3.10 

2.40 

2.70 

2.40 

2.70 

3.30 

2.70 

3.00 

2.60 

2.90 

2.50 

2.50 

2.50 

2.40 

2.50 

2.40 

3.00 

3.20 

2.70 

3.00 

2.70 

3.00 

2.60 

2.90 

2.60 

2.90 

2.50 

2.45 

Aug. 

Sept 

Oct. 

Nov. 
2.35 

Doc. 

2.43 

2.00 

7.50 

4.40 

2.43 

1.95 

4.50 

2.35 

3.50 

2.  55 

1.90 

4.00 

2.35 

3.30 

2.45 

1.90 

3.50 

2.35 

3.30 

2.40 

1.00 

3.30 

4.70 

3.25 

2.40 

1.85 

3.20 

0.00 

3.10 

2.30 

1  85 

3.10 

4.30 

3.05 

2.30 

1.80 

3.00 

3.60 

2.90 

2.30 

l.BO 

2.00 

3.30 

2.80 

2.25 

1.75 

2.80 

3.30 

2.70 

2.20 

1.70 

2.65 

3.20 

2.65 

2.20 

1.70 

2.56 

3.00 

2.60 

2.20 

J.  70 

2.50 

2.80 

2.55 

3.00 

1.70 

2.50 

2.80 

2.55 

2.70 

2.00 

2.60 

2.70 

2.50 

2.70 

1.90 

2.50 

2.70 

2.50 

3.00 

1.80 

2.50 

2.65 

2.45 

2.40 

1.80 

2.45 

2.65 

2.45 

2.30 

1.80 

2.45 

2.60 

2.45 

2.25 

1.70 

2.40 

2.60 

2.45 

2.25 

1.70 

2.40 

2.65 

2.45 

2.25 

1.70 

2.35 

2.50 

2.45 

2.20 

1.70 

2.36 

2.50 

2.45 

2.20 

1.65 

2.  35 

2.45 

2.45 

2.40 

1.66 

2.35 

2.40 

2.40 

2.20 

1.66 

2.35 

2.40 

2.40    1 

2.20 

1.65 

2.35 

2.40 

2.15 

1.65 

2.35 

2.35 

2.40 

2.15 

7.21 

2.35 

3.00 

2.40 

2.10 

18.00 

2.35 

5.50 

2.40 

2.10 

2.35 

2.35 

a  Gaf^e  carried  away. 


b  New  gtkgo. 


South  Rioer  at  Port  RepuhliOy  Virginia. 


Day. 


I 


Jan. 


I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 


...I 


1.80 
1.80 
1.80 
1.70 
1.60 
1.50 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.30 
4.90 
3.60 
3.00 
2.70 
2.40 
2.30 
•2.20 
2.10 


Feb. 

Mar. 

Apr. 

May. 

Jane. 
1.60 

Jaly. 
1.80 

A  up. 
1.60 

Sept. 
1.40 

Oct. 
5.00 

Nov. 

.1  '©C* 

2.00 

2.00 

3.20 

1.70 

1.60 

2.70 

2.00 

2.00 

3.00 

1.70 

1.50 

1.80 

1.50 

1.40 

3.30 

1.60 

2.55 

2. 30  ;  2. 00 

2.80 

2.20 

1.50 

1.70 

1.50 

1.40 

3.00 

1.60 

2.40 

2.  50  ;  2. 00     2. 70 

2.20 

1.50 

1.60 

1.50 

1.40 

2.75 

1.60 

2.40 

2.  60     2. 00  1  2. 60 

2.20 

1.60 

1.60 

1.50 

1.40 

2.40 

4.10 

2.35 

3.16 

1.90 

2.50 

2.20 

1.50 

1.70 

1.45 

1.40 

2.30 

3.50 

2.10 

3.60 

1.90 

2.40 

2.10 

2.50 

1.70 

1.45 

1.40 

2.30 

3.00 

2.10 

3.10 

1.90 

2.30 

2.00 

2.60 

1.70 

1.40 

1.40 

2.20 

2.60 

2.00 

3.10     1.90 

2.30 

1.90 

2.60 

4.80 

1.40 

1.40 

2.10 

2.40 

1.90 

2.  70     1. 90 

2.20 

1.90 

2.00 

3.20 

1.40 

1.40 

2.00 

2.30 

1.8U 

2.50     1.85  ,  2.20 

1.90 

1.80 

2.70 

1.40 

1.40 

2.00 

2.16 

1.70 

2. 30     1. 85 

2.20 

1.80 

1.80 

2.50 

1.40 

1.40 

1.95 

2.16 

1.00 

2. 30     1. 85 

2.20 

1.70 

1.70 

2.40 

1.40 

1.35 

1.95 

2.10 

1.50 

2.  80     1.  a') 

2.15 

3.00 

1.60 

2.30 

2  00 

1.36 

1.90 

2.10 

1.50 

2. 70     2. 00 

2.15 

2.00 

1.60 

2.30 

1.60 

1.35 

1.85 

2.00 

1.50 

2.50 

2.00 

2.10 

1.80 

1.60 

2.00 

1.60 

1.35 

1.85 

2.00 

1.45 

2.40 

2.20 

2.00 

I  80 

2.50 

2.00 

1.60 

1.35 

1.85 

1.90 

1.45 

2.30 

2.20 

2.00 

1.70 

2.20 

1.70 

1.50 

l.:i5 

1.85 

1.90 

1.45 

2.30 

2.80 

1.90 

1.60 

2.20 

1.80 

1.60 

1.35 

1.85 

1.85 

1.45 

2.20 

4.30 

1.90 

1.60 

2.60 

1.80 

1.50 

1.36 

1.80 

1.85 

1.45 

2.20 

3.00 

1.90 

l.flO 

2.00 

1.70 

1.50 

1.  3.') 

1.75 

1.80 

1.45 

2.20 

2.60 

1.80 

1.60 

2.00 

1.70 

1.50 

1.30 

1.70 

1.80 

1.45 

'  2.10 

2.60 

1.80 

1.60 

1.80 

1.70 

1..50 

1.30 

1.65 

1.80 

1.45 

2.10 

2.  50     1. 80 

1.60 

1.70 

1.70 

1.50 

1.25 

LOT. 

1.80 

1.45 

;  2. 10 

2.60  '  2.00 

1.60 

1.70 

1.70 

1.G6 

1.2r) 

1.65 

1.  75 

1.45 

2.00 

2.40     2.00 

1.60 

2.00 

1.70 

1.50 

1.25 

1.65 

1.70 

1.45 

2.00 

2.40 

1.90 

1.60 

2.00 

1.70 

1.50 

1.25 

j.65 

1.45 

2.00 

2.40 

1.80 

1.60 

2. 00 

1.70 

1.50 

1.25 

1.60 

1.65 

1.45 

2.00 

2.60 

1.76 

1.60 

1.90 

1.60 

1.50 

9.60 

1.60 

2.00 

1.45 

3.30 

1.70 

1.60 

1.90 

1.60 

1.45 

17.00 

1.60 

3.10 

1.45 

3.20 

1.60 

1.60 

1.45 

1.60 

1.45 

10 


RIVER    HEIGHTS    FOR    1896. 


{NO.  11. 


Shenandoah  River  at  Millvilley  West  Virginia. 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

6. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


1.30 
1.90 
1.8U 
1.8U 
1.70 
1.60 
1.00 
1.60 
1.40 
1.30 
1.30 
1.20 
1.20 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
.90 
.90 
.90 
2.40 
5.10 
5.30 
4.35 
8.35 
2.00 
1.90 
1.70 


Feb.  '  Mar.    Apr.   May 


1.40 
1.60 
1.80 
2.00 
2.60 
2.00 
3. 80 
5.60 
4.10 
3.70 
3.20 
2.90 
2.50 
2.40 
3.80 
3.50 
3.00 
2.70 
2.50 
2.40 
2.40 
2.30 
2.20 
2.20 
1.80 
1.70 
1.60 
1.50 
2.00 


2.  GO 
2.40 
2.30 
2.00 
1.70 
1.50 
1.40 
1.50 
1.50 
1.50 
1.50 
1.40 
1.40 
1.40 
1.50 
1.50 
1.60 
3.00 
4.20 
4.60 
5.50 
4.60 
4.00 
3.50 
3.00 
2.90 
2.80 
2.70 
2.70 
2.60 
4.60 


4.60 
4.20 
3.80 
3.60 
3.20 
2.80 
2.60 
2.60 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.70 
1.70 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 


1.40 
1.40 
1.50 
1.70 
1.80 
1.90 
2.40 
2.20 
2.00 
2.00 
1.90 
1.70 
1.70 
1.60 
2.40 

:j.oo 

2.50 
2.40 
2.40 
2.20 
1.80 
1.60 
1.50 
1.60 
1.50 
1.50 
1.5U 
1.40 
1.40 
1.40 
1.10 


June. 


0.90 
.90 
.90 
.90 
.90 
.80 
1.00 
1.40 
1.90 
2.70 
2.80 
2.40 
1.60 
1.60 
1.90 
1.90 
1.80 
1.90 
2.20 
2.00 
1.90 
2.00 
2.20 
2.00 
1.90 
1.80 
1.80 
2.20 
2.30 
1.90 


1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.60 
1.60 
3.15 
4.65 
3.60 
2.50 
2.20 
2.20 
2.20 
2.20 
2.10 
2.00 
2.00 
1.80 
1.60 
1.50 
4.10 
3.00 
3.30 
2.60 
2.00 
1.70 
1.50 
1.40 
1.30 


Aug. 

Sept. 
0.70 

Oct. 

1.30 

19.72 

1.20 

.60 

10.00 

1.10 

.00 

5.60 

1.00 

.CO 

4.00 

1.00 

.6.> 

3.40 

1.00 

.00 

2.80 

1.10 

.50 

2.10 

1.10 

.50 

2.00 

1.00 

.50 

1.90 

1.00 

.50 

1.80 

1.00 

.60 

1.80 

1.40 

.60 

1.60 

1.60 

.GO 

1.40 

1.50 

.60 

1.40 

1.40 

.60 

1.40 

1.40 

.60 

1.40 

1.70 

.60 

1.30 

1.% 

.00 

1.30 

1.30 

.60 

1.30 

1.20 

.80 

1.20 

1.20 

.80 

1.10 

1.20 

.80 

1.10 

I.  00 

.70 

1.00 

1.00 

.60 

1.00 

1.00 

.60 

1.00 

.90 

.60 

1. 00 

.90 

.60 

1.00 

.80 

.60 

1.00 

.80 

.60 

1.00 

.80 

5.75 

1.00 

.80 

.90 

Nov. 

Dec. 

0.90 

2.60 

.90 

3.80 

.90 

3.10 

.90 

2.60 

1.00 

2.00 

1.10 

2.00 

3.20 

2.U0 

2.70 

2.1J0 

2.40 

2.00 

2.10 

2.00 

1.90 

1.90 

1.90 

1.90 

1.90 

1.80 

1.90 

1.80 

1.90 

1.70 

1.80 

1.70 

1.70 

1.70 

1.60 

1.70 

1.60 

1.70 

1.50 

1.60 

1.50 

1.50 

1.50 

1.50 

1.50 

1.40 

1.50 

1.40 

1.40 

1.60 

1.40 

1.60 

1.40 

1.60 

1.40 

1.80 

1.40 

1.80 

1.60 

1.80 

1.80 

Potomac  Jiiver  at  Point  of  Bocka,  Maryland. 


Day. 


1 
2 
3 
4 
5 
6 
7 
8 
0 
10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Jan. 


1.30 

1.20 

1.30 

1.40 

.40 

1.40 

1.30 

1.30 

1.30 

1.30 

1.00 

.80 

.70 

.60 

.50 

.50 

.50 

.40 

.30 

.30 

.30 

.60 

.60 

2.30 

4.90 

4.80 

3.70 

2.90 

2.10 

1.60 

1.40 


Feb. 


1.30 
1.20 
1.30 
1.80 
2.80 
3.50 
6.80 
7.00 
5.00 
3.80 
3.90 
2.80 
2.40 
2.30 
2.70 
3.90 
3.50 
2.90 
2.30 
1.30 
.90 
1.10 
1.50 
1.50 
1.60 
1.40 
1.30 
1.20 
1.80 


May. 


0.80 

.70 

.60 

.60 

.50 

1.60 

1.10 

1.00 

.80 

.60 

.60 

.70 

1.00 

1. 00 

.90 

.80 

.70 

.60 

.80 

1.00 

1.60 


June. 

July. 
1.60 

Aug. 

1.10 

2.00 

.80 

1.40 

2. 20 

.60 

1.20 

2.50 

.50 

1.10 

2.00 

.40 

1.00 

1.80 

.30 

1.30 

1.60 

.60 

1.20 

1.40 

.60 

1.60 

1.20 

1.60 

1.90 

1.10 

2.00 

2.50 

1.20 

2.20 

4.00 

1.10 

1.70 

3.80 

1.00 

1.40 

2.70 

1.00 

1.10 

2.30 

1.10 

1.00 

2.30 

1.10 

1.10 

i.to 

1.10 

1.20 

1.50 

1.20 

3.40 

1.40 

1.00 

3.20 

1.40 

.80 

2.70 

1.30 

.70 

2.20 

1.20 

.60 

1.80 

1.10 

.60 

1.80 

1.20 

.60 

1.80 

1.60 

.60 

1.60 

3.30 

.60 

1.70 

8.70 

.50 

1.90 

6.00 

.50 

2.30 

3.30 

.50 

2.00 

2.70 

.60 

1.80 

2.80 

.60 

2.40 

.50 

Sept. 


0.50 
.50 
.40 
.40 
.40 
.50 
.30 
.30 
.30 
.30 
.40 
.30 
.30 
.30 
.30 
.80 
.50 
.40 
.40 
.70 
.40 
.50 
.40 
.40 
.30 
.40 
.40 
.30 
.40 

5.30 


Oct. 

Nov.   j 

1 

21.85 

1 
0.80 

12.05 

.80 

6.30 

.70 

4.00 

.70 

3.00 

.80 

2.40 

6.00 

2.10 

6.00 

1.80 

5.10 

1.50 

3.80 

1.30 

3.00 

1.20 

2.50 

1.10 

2.20 

1.10 

1.00 

1.00 

1.70 

1.00 

1.50 

1.00 

1.50 

1.00 

1.40 

1.00 

1.30 

.90 

1.20 

.00 

1.10 

.80 

1.00 

.80 

1.00 

.80 

1.00 

.70 

1.00 

.70 

.90 

.90 

.00 

1.00 

.90 

.00 

1.00 

.90 

1.00 

.80 

1.20 

.80 

Dec. 


2.00 
3.00 
2.80 
2.30 
2.00 
1.80 
1.70 
1.70 
1.60 
1. 50 
1.70 
1:70 
1.60 
1.50 
1.40 
1.30 
1.20 
1.10 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
.90 
1.10 
1.00 
.70 
.70 
.80 
.90 


OAOE   HEIOHT8  IN  THE   POTOMAC   BASIN. 


11 


Manocaey  River  at  Frederick,  Maryland. 


.   Day. 

Aug. 

Sept 

3.60 
3.60 
3.60 
3.60 
3.60 
3.70 
3.80 
3.90 
3.90 
3.80 
3.70 
3.70 
3.70 
3.70 
3.70 
a3.75 

Oct. 

Kov. 

Dec. 

Day. 
17 

Aug. 

Sept 

Oct. 

4.00 
3.90 
3.90 
3.80 

Nov. 

Dec. 

1 

4.80 
4.40 
4.10 
4.00 
3.90 
3.90 
3.90 

3.90 
4.00 
4.00 
4.00 
5.45 
7.50 
s.oo 

4.80 

4.50 

4.50 

4.30 

4.30 

4.10 

4.10 

4.10    ! 

4.20 

4.20 

4.80 

4.20 

4.10 

4.10 

4.10 

4.10 

3.80 
4.40 
4.15 
3.90 
3.00 
3.90 
8.80 
3.70 
3.70 
3.90 
3.90 
3.80 
3.70 
3.60 
3.70 

3.90 
3.90 
4.00 
4.00 
4.00 

4.20 

iOO 

i      2 

18 

4.  20  1  4. 00 
4.  20  1  4. 00 
4. 20     4. 00 
4.20  ,  4.00 
4.00  1  3.90 
4.00  !  3.90 
4.00  i  4.10 
4. 00  ,  4. 20 
4.00     4.10 
4. 00  '  4. 10 

3 

19 

4 

4.10 
4.10 
4.00 
4.00 
3.90 
3.90 
3.90 
3.80 
3.90 
3.00 
3.90 
3.90 
3.80 

20 

5 

21 

C 

,    22 

3. 90     3. 90 
3.90  !  3.90 
3.80     3.90 
3.00  i  3.00 
3. 80     3. 90 
3. 80  .  3. 90 
3.80  1  3.90 
3. 80     3.  fiO 

7 

23 

8 

3. 90     4. 50 

'    24 

■  S::::::.:::: 

3.90 
3.90 
3.80 
3.80 
3.90 
4.20 
4.10 
4.10 

4.50 
4.80 
4.50 
4.60 
4.30 
4.30 
4.20 
4.20 

S. ::::::.... 

10 

26 

11 

27 

12 

28 

4.00 
4.35 
5.20 

4.10 
4.00 
4.00 
4.20 

13 

29 

14. .::::::. .. 

30 

5.00 

3.90 
3.90 

15 

16 

31 

a  New  gage. 
North  Biver  at  Glasgmp,  Virginia. 


Day. 

Jao. 

2.50 
2.05 
1.85 

(a) 
1.33 
1.35 

(a) 
1.37 
1.40 
1.30 
1  25 
1.22 
1.20 
1.20 
1.18 
1.15 
1.12 
1.12 
1.15 
1.19 
1.17 
1.12 

(a) 
4.95 
3.76 
2.88 
2.42 
2.20 
2.00 
1.90 
1.80 

Feb. 

1.80 
1.50 
3.50 
2.80 

(o) 
4.20 
4.15 
4.35 

'3.85' 
2.60 
2.60 
2.40 
4.40 
4.00 
3.05 
2.50 
2.26 
2.24 
2.14 
2.06 
1.05 
1.90 
1.86 
1.80 
1.75 
1.70 
1.70 
1.90 

Mar. 

Apr. 
5.25 

May. 

Jnnc. 

1 
July. 

1  50 

Aug. 

Sept 

1.42 
1.38 
1.40 
1.46 
1.35 
1.35 
1.38 
1.35 
1.33 
1.30 
1.28 
1.26 

Oct 

5.03 
3.70 
2.90 
2.70 
2.60 
2.40 
2.30 
2. 15 
2.08 
2.00 
1.06 
1.90 
1.00 
1.88 
1.82 
1.82 
1.80 
1.75 
1.71 
1.70 
1.71 
1.68 
1.70 
1.70 
1.63 
1.67 
l.CO 
1.63 
1.63 
1.02 
1.62 

Nov. 

1.50 
1.60 
1.60 
1.60 
4.75 
4.85 
3.35 
2.90 
2.65 
2.42 
2.30 
2.21 
2.22 
2.11 
2.02 
2.05 
2.01 
2.02 
2.00 
2.01 
1.95 

"i.hY 
"h'.'m 

Deo. 

4.13 
3.42 
2.50 
2.50 

"iio"' 

2.30 
2.20 
2.15 
2.11 
2.01 
1.94 

"'i.oo" 

1.90 
1.84 
1.80 
1.80 
1.78 
1.75 
1.70 
1.70 
1.65 
1.60 
1.58 
1.56 
1.56 
1.60 

1.6P 
1.50 
1.55 

1 

1.90 
1.80 
1.80 
1.76 
1.72 
1.68 
1.68 
1.62 
1.62 
1.60 
(a) 
1.66 
1.60 
1.58 
1.60 
2.85 
4.93 
3.66 
4.20 
5.25 
4.00 
3.12 

(a) 
2.90 

2.80 
2.77 
2.61 
2.51 
3.05 
6.72 
5.41 

1.40 

1.  fto 
3.35 
2.24 
1.90 
1.76 
1.54 
1.62 
1.60 
1.44 
1.36 
1.32 
1.30 
1.50 

2 

1.33  :  1.36 
1.25     1.32 

3 

3.00 

4 

1.30 
1.28 

1.50 
l.BO 

5 

2.76' 
2.60 
2.40 
2.37 

2.33 
2.12 
1.97 
1.86 
1.84 
1.84 

6 

1.23  '  1-40 

7 

1.23 
1.24 
2.20 
1.05 
1.60 

3.22 

(a) 
8.45 
4.45 

.'(.50 

8 

0 

10 

11 

12 

1.42  I 

1.35     2.78 
1.06     2.40 
1. 55     2. 26 
1.50     2.20 
1.40     2.52 
1.50  1  2- 00 

13 

i.94" 

3.40 
2.50 
2.25 
1.82 

14 

15 

2.00 
1.72 

1*72' 

1.60 

1.52 

1.48 

1.40 

2.37 

1.54 

2.25 

1.82 

1.70 

1.60 

1.60 

"i.'42" 

"i.66' 

1.00 

1.00 

.98 

.95 

.95 

.90 

.90 

.90 

.93 

.91 

.90 

4.04 

10.09 

16 

17 

18 

1.90 
1.87 

'{."io" 

'l77" 
'i.'75* 

'2.08' 
2.00 
1.74 
1.82 
1.61 
1.60 
1.61 
1.59 
1.63 
1.61 
1.56 
1.45 

19 =..- 

1.62 
1.06 
(a) 
1.46 
2.08 

1.82 
1.75 
1.72 
1.65 
2.2s 

20 

21 

22 

23 

24 

1. 47     1.  83 
1.47     1.80 
2. 26     1. 67 

25 

26 

27 

2.58 
2.00 
1.74 
1.61 

1.60 
1.50 
1.60 
1.60 
1.00 

28 

29 

30 

31 

a  No  observation. 
Roanoke  River  at  Roanokey  Virginia. 


Day. 

July. 

Aug. 
0.80 

Sept 
0.70 

Oct. 
1.05 

Nov. 
0.75 

Dec. 
2.00 

Day. 
17 

July. 
1.55 

Ang. 
0.80 

Sept 
0.60 

Oct. 

No'-. 

Dec. 

1 

0.75 

1.40 

0.90 

2 

.90 
.90 

.65 
.60 

1.70 
1.40 

.75 
.75 

1.90 
1.90 

18 

19 

1.50 
1.45 

.69 
.62 

.59 
.50 

.75 
.75 

1.30 
1.22 

.95 
.90 

3 

4 

.00 
.00 

.72 
.78 

1.10 
1.00 

.76 
2.60 

.85 
82 

20 

21 

1.40 
1.40 

.62 

.60 

.55 
.60 

.75 
.75 

1.10 
1.00 

.85 
.85 

5 

e 

.85 
.70 

.80 
.75 

.95 
.90 

2.10 
1.95 

.82 
.80 

22 

23 

1.38 
1.50 

.65 
.75 

.55 
.60 

.75 
.75 

.00 
.85 

.85 
.82 

7 

6 

.70 
.70 

.70 
.70 

.80 
.85 

1.95 
1.90 

.80 
.78 

24 

25 

1.33 
1.30 

1.03 
.99 

.50 
.45 

.75 
.75 

85 
.80 

.82 
.80 

• 

10 

3.53 

.70 

.55 

.80 

1.85 

.78 

26 

1.25 

.81 

.50 

.75 

.75 

.80 

11 

2.80 

.90 

.50 

.80 

1.82 

.76 

27 

1.20 

.75 

.50 

.75 

1.00 

.80 

12 

2.20 

.80 

.60 

.75 

1.80 

.75 

28 

1.20 

.75 

.55 

.75 

1.30 

.80 

13 

L95 

.70 

.50 

.80 

1.70 

.75 

29 

1.18 

.75 

1.33 

.75 

2.80 

.80 

14 

1.76 

.75 

.55 

.85 

1.65 

.76 

30 

.75 

.60 

3.40 

.75 

2.45 

.75 

15 

1.63 

.80 

.52 

.80 

1.50 

.75 

31 

.85 

.75 

.75 

.75 

16 

L6S 

.74 

.66 

.75 

1.45 

.76 

12 


BIVEB   HEIGHTS   FOR   1896. 


[NO.  U. 


Jame9  River  at  BuekanaHf  Virginia, 


Day. 


!  Jan. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


4.80 
3.40 
2.60 
2.00 
1.65 
1.60 
1.80 


Feb. 


1.30 
1.30 
8.25 
6.60 
3.90 
3.80 
6.05 
4.35 
8.60 
3.50 
2.95 
2.30 
2.05 
3.90 
4.30 
3.80 
2.00 
2.30 
2.00 
2.00 
2.00 
2.00 
2.00 
1.60 
1.36 
1.30 
1.80 
1.30 
1.30 


Mat. 


1.30 
1.30 
1.30 
1.30 
1.30 
1.80 
1.30 
1.30 
1.80 
1.30 
1.30 
1.80 
1.60 
1.60 
1.60 
1.60 
5.95 
5.45 
4.50 
6.25 
6.05 
8.80 
8.25 
8.75 
3.90 
8.65 
3.4C 
3.40 
8.55 
9.45 
8.80 


Apr. 


7.85 

7.65 

5.05 

3.86 

2.90 

2.40 

2.15 

1.85 

1.65 

1.35 

1.30 

.60 

.40 

.15 

.10 

.10 

.10 

-.45 

—.20 

+.05 

.10 

.10 

.10 

.10 

.10 

-.30 

—.60 

—.60 

—.60 

—.60 


May. 


Jnne. 


—0.60 
—  .60 
+1.80 
1.65 
1.05 
.70 
.70 
.60 
.50 
.30 
.30 
.20 
.20 
.10 
.10 
.10 
.00 
.00 
.00 
.00 
.85 
1.16 
.80 
.90 
.90 
.75 
.65 
.75 
.70 
.60 
.60 


0.60 

.60 

.50 

.50 

.85 

.10 

.10 

.90 

1.30 

1. 10 

1.05 

.70 

.45 

.35 

.30 

.30 

.80 

.30 

.85 

.70 

.65 

.45 

.30 

.20 

.20 

1.8U 

2.05 

1.45 

1.15 

1.85 


July. 


0.60 

.40 

.80 

.30 

.80 

.30 

.85 

1.00 

10.25 

6.85 

3.66 

2.40 

2.45 

1.90 

1.40 

1.10 

1.00 

.90 

.80 

.56 

.40 

.40 

.75 

.55 

.40 

.30 

.20 

.20 

.20 

.70 

.70 


Aug. 


1.00 
1.60 
1.80 
1.05 
.90 
.50 
.35 
.40 
.25 
.90 
.66 
.20 
.10 
.10 
.45 
.60 
.25 
.15 
.10 
.10 
—.10 
+.50 
.45 
.20 
.20 
.35 
.20 
.20 
.20 
.20 
.10 


Sept. 


0.10 
.00 
—.10 
—.10 
—.20 
-.20 
—.20 
-.20 
-.80 
..30 
—.30 
—.30 
—.30 
—.80 
—.30 
—.30 
—.30 
—.30 
—.30 
—.30 
—.30 
—.30 
—.30 
—.30 
—.30 
—.30 
—.80 
—.30 
—.30 
12.30 


Oct. 


6.30 

2.60 

1.65 

1.25 

.85 

.65 

.50 

.50 

.40 

.30 

.30 

.15 

.10 

.10 

.10 

.10 

.10 

.10 

.00 

.00 

.00 

—.10 

—.10 

—.20 

—.20 

—.20 

-.20 

-.20 

—.20 

—.20 


Nov. 


-0.20 

—  .20 

—  .20 

—  .20 
+4.10 

7.20 

3.20 

2.85 

1.70 

1.40 

1.15 

.90 

.80 

.80 

.80 

.70 

.70 

.60 

.60 

.60 

.60 

.40 

.40 

.40 

.40 

.40 

.40 

.30 

1.30 

5.35 


Dec. 


4.40 

8.15 

2.40 

1.86 

1.66 

1.50 

1.40 

1.25 

1.20 

1.10 

1.00 

.90 

.90 

.80 

.70 

.60 

.60 

.50 

.60 

.50 

.40 

.40 

.40 

.40 

.40 

.30 

.80 

.20 

.20 

.20 

.20 


Dan  River  at  Clarksville,  Virginia. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Feb. 


8.95 
7.42 
5.75 
5.42 
4.40 
3.42 
2.92 
3.70 
3.47 
3.32 
2.97 
2.40 
2.22 
2.07 
1.92 
1.77 
1.97 
2.10 
2.17 
2.07 
1.96 
1.90 
2.17 


Mar. 


1.90 
1.87 
2.45 
2.68 
2.80 
4.09 
4.62 
3.32 
2.72 
2.40 
2.72 
2.80 
2.47 
2.27' 
2.27 
3.89 
7.89 


Apr. 


9.47 
10.37 
9.62 
5.77 
3.99 
3.87 
3.32 
2.97 
2,77 
2.62 
2.51 
2.50 
2.45 
2.22 
2.17 
2.12 
2.07 
2.02 
1.97 
1.02 
1.85 
1.90 
1.90 
1.82 
1.90 
2.47 
2.40 
2.00 
1.90 
1.77 


May. 


2.62 
3.67 
4.42 
3.47 
2.38 
2.26 
2.12 
1.97 
1.82 
1.72 
1.67 
1.62 
1.67 
1.54 
1.47 
1.02 
.97 
1.02 
1.12 
1  62 
2.18 
8.07 
4.37 
3.17 
2.17 
1.50 
2.32 
2.97 
2.82 
1.82 
1.27 


June. 
1.22 

Jaly. 
1.02 

Attg. 

Sept 

Oct. 

0.92 

0.42 

7.92 

1.17 

.92 

.87 

.40 

8.97 

1.07 

.87 

.82 

.62 

8.47 

.97 

.82 

.77 

1.37 

1.72 

1.47 

.87 

.75 

1.62 

1.47 

2.12 

1.02 

.72 

.97 

1.32 

1.97 

4.02 

.70 

2.97 

1.25 

1.47 

6.02 

.67 

1.82 

1.17 

1.47 

9.12 

.65 

1.47 

1.07 

1.97 

13.97 

.65 

.97 

1.02 

1.82 

14.07 

.87 

.82 

1.02 

1.72 

8.87 

1.65 

.62 

.97 

1.67 

5.62 

1.77 

.57 

.95 

1.62 

3.22 

1.92 

.65 

.95 

1.62 

2.67 

1.97 

.67 

1.02 

1.60 

2.47 

2.12 

.57 

.97 

1.57 

2.39 

1.47 

.62 

.96 

1.47 

2.27 

.97 

.69 

.92 

1.37 

2.17 

.72 

.67 

.87 

1.32 

2.03 

.67 

.67 

.87 

1.47 

1.85 

.66 

.92 

.85 

1.57 

1.79 

.62 

1.47 

.82 

1.72 

1.70 

.62 

1.75 

.89 

2.47 

1.57 

.62 

.72 

.92 

3.02 

1.42 

.69 

.57 

.97 

3.53 

1.35 

.67 

.52 

.94 

3.67 

1.17 

.77 

.47 

.92 

2.67 

1.12 

.62 

.45 

.92 

2.02 

1.07 

.57 

1.72 

.92 

1.52 

1.02 

.47 

6.47 

.91 

.97 

.42 

.94 

Not. 


0.07 
1.02 
1.04 
1.47 
2.62 
6.02 
4.97 
2.47 
2.17 
1.77 
1.67 
1.47 
1.67 
1.52 
1.50 
1.48 
1.48 
1.25 
1.22 
1.19 
1.16 
1.16 
1.15 
1.14 
1.13 
1.12 
1.11 
I.IU 
1.32 
2.02 


Dec. 


3.68 
4.82 
3.65 
2.55 
2.17 
2.06 
1.97 
1.89 
1.80 
1.73 
1.62 
1.56 
1.61 
1.43 
1.53 
1.72 
2.16 
1.97 
1.72 
1.65 
1.50 
1.52 
1.45 
1.39 
1.36 
1.31 
1.29 
1.27 
1.24 
1.22 
1.22 


DATI8.]        GAGE    HEIGHTS   ON   SOUTH   ATLANTIC   WATERSHED. 
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Staunton  River  at  Clark$vill€,  Virginia, 


1 
2 

3 

4 

5 

0 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


I 


8.42 
6.89 
5.16 
4.84 
3.85 
2.») 
2.37 
3.16 
2.94 
2.78 
2.41 
1.86 
1.68 
1.53 
1.38 
1.33 
1.43 
1.56 
1.64 
1.54 
1.43 
1.46 
1.54 


1.37 
1.33 
1.92 
2.15 
2.27 
3.56 
3.99 
2.79 
2.19 
1.96 
2.19 
2.27 
1.96 
1.72 
1.73 
2.86 
7.36 


Apr. 

May. 

8.94 

2.09 

9.84 

3.14 

8.99 

3.89 

5.24 

2.94 

3.46 

1.85 

2.84 

1.73 

2.79 

1.59 

2.44 

1.44 

2.24 

1.29 

1.99 

1.19 

1.08 

1.14 

1.97 

1.09 

1.92 

1.04 

1.60 

1.01 

1.64 

.94 

1.59 

.49 

1.54 

.44 

1.49 

.49 

1.44 

.59 

1.89 

1.09 

1.32 

1.65 

1.37 

2.50 

1.37 

3.84 

1.26 

2.64 

1.37 

1.64 

1.94 

.97 

1.86 

1.79 

1.47 

2.44 

1.37 

1.79 

1.24 

1.29 

.74 

June. 


0.69 

.61 

.54 

.44 

.94 

1.59 

1.44 

.94 

.94 

1.44 

1.29 

1.19 

1.14 

1.00 

1.09 

1.07 

1.04 

.04 

.84 

.79 

.94 

1.04 

1.19 

1.94 

2.49 

2.94 

3.14 

1.14 

.49 

-  .01 


July 


0.49 

.39 

.84 

.29 

.34 

.40 

4.54 

6.84 

10.54 

13.94 

13.44 

8.39 

5.14 

2.74 

2.06 

1.94 

1.86 

1.74 

1.64 

1.44 

1.32 

1.26 

1.27 

1.04 

.89 

.82 

.64 

.59 

.54 

.49 

.44 


Aug. 

Sept. 
—0.11 

Oct. 

Nov. 

0.39 

7.45 

0.44 

.34 

-  .11 

8.50 

.49 

.29 

—  .01 

2.96 

.51 

.24 

1    .84 

1.20 

.94 

.22 

.99 

.94 

2.10 

.19 

.44 

.70 

6.42 

.17 

2.47 

.72 

2.37 

.14 

1.30 

.64 

1.95 

.12 

.94 

.54 

1.54 

.12 

.44 

.49 

1.24 

.34 

.29 

.49 

1.04 

1.12 

.09 

.44 

.94 

1.24 

.04 

.42 

1.04 

1.39 

.02 

.42 

.99 

1.44 

.04 

.49 

.98 

1.64 

.04 

.44 

.95 

.97 

.09 

.43 

.94 

.46 

.06 

.39 

.72 

.20 

.04 

.34 

.69 

.14 

.16 

.34 

.66 

.12 

.40 

.32 

.63 

.00 

.96 

.29 

.63 

.09 

1.24 

.36 

.62 

.09 

.19 

.39 

.61 

.06 

.04 

.44 

.00 

.14 

-  .01 

.41 

.59 

.24 

1.06 

.39 

.58 

.00 

—  .08 

.39 

.57 

.04 

fl.20 

.39 

.79 

—  .06 

«•  98 

.38 

1.50 

—  .11 

.41 

Dtx' 


3.01 
4.31 
3.14 
2.03 
1.65 
1.53 
1.45 
1.37 


27 

19 

09 

03 

.98 

.92 

1.03 

1.20 

1.63 

1.35 

1.20 

1.13 

1.07 

.90 

.92 

.86 

82 

.78 

.76 

.74 

.71 

.09 

.60 


Roanoke  River  ■  at  Clarkeville,  Firffiniaf  for  189S» 


Day. 

Jan. 

Feb. 

1 

2 

3 

3.1 
3.0 
2.7 
2.0 
1.5 
1.1 
1.1 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
2.5 
8.0 

'i.'a' 

1.6 
4.5 
7.4 
7.8 
9.0 
10.5 
6.5 
4.5 
7.7 
0.0 
7.4 
5.0 
3.0 
2.7 
2.5 
2.2 
2.0 
1.9 
1.8 
2.4 

4 

5 

C 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

29 

30 

31 

Mar. 

Apr. 

2.6 

1.0 

2.3 

1.0 

8.0 

1.0 

8.2 

1.0 

8.3 

1.4 

2.5 

1.3 

2.2 

1.2 

2.0 

1.1 

2.2 

1.0 

2.0 

1.0 

2.0 

1.0 

1.0 

1.0 

1.8 

1.0 

2.0 

1.3 

1.8 

1.3 

1.6 

1.1 

1.5 

1.1 

1.5 

1.0 

1.4 

1.0 

1.4 

1.0 

1.4 

.9 

1.4 

.9 

1.3 

.9 

1.3 

.9 

1.3 

.9 

1.3 

1.0 

1.3 

2.7 

1.2 

2.8 

1.2 

2.3 

1.2 

2.0 

1.2 

May. 


1.6 
1.5 
9.0 
13.0 
12.5 
4.5 
4.2 
2.8 
2.5 
2.2 
2.0 
1.7 
1.6 
1.5 
1.8 
3.0 
1.9 
1.5 
1.3 
1.1 
1.1 
1.1 
1.1 
1.1 
1.0 
1.0 
1.0 
1.9 
2.8 
2.1 
1.6 


June. 


1.4 

1.7 

1.5 

1.5 

1.5 

1.5 

1.6 

1.4 

1.0 

.9 

.8 

.7 

.9 

2.2 

4.4 

3.0 

2.1 

1.9 

1.7 

1.2 

1.0 

1.0 

1.6 

1.1 

.9 

.8 

.8 

.7 

1.8 

2.6 


July. 

Aug. 

2.0 

1.5 

1.9 

1.7 

2.0 

2.0 

1.6 

2.8 

1.5 

2.0 

1.0 

.8 

.7 

.6 

.6 

.4 

.8 

.2 

1.0 

.1 

.6 

.1 

.5 

.1 

.4 

.3 

.4 

.     .3 

.4 

.2 

.4 

.1 

.3 

.0 

.5 

.0 

.5 

.1 

.3 

.0 

.8 

—  .1 

.5 

—  .3 

.4 

.0 

.3 

+2.5 

.2 

1.0 

.1 

.7 

.1 

.6 

.1 

5.0 

0.0 

0.0 

—  .1 

11.0 

+  .5 

7.6 

Sept. 


9.0 
11.3 
9.0 
3.8 
2.8 
1.9 
1.5 
1.5 
1.4 
3.0 
6.5 
9.0 
11.0 
13.5 
11.1 
3.5 
2.5 
2.1 
1.9 
1.7 
1.6 
1.4 
1.4 
1.3 
1.2 
4.0 
3.5 
2.6 
1.8 
1.5 


Oft. 

Nov. 

2.2 

2.1 

2.8 

2.0 

2.5 

1.9 

7.7 

1.9 

8.0 

1.9 

4.5 

1.8 

2.6 

1.8 

2.2 

2.0 

1.9 

1.9 

1.7 

1.8 

1.6 

1.8 

1.5 

1.7 

6.0 

1.6 

8.8 

1.7 

8.7 

2.0 

4.0 

2.0 

2.8 

1.8 

2.3 

1.6 

2.0 

1.6 

l.B 

1.5 

7.3 

1.7 

9.9 

1.8 

10.1 

1.8 

10.5 

1.6 

5.8 

1.5 

3.8 

1.5 

3.3 

1.6 

3.0 

3.2 

2.7 

3.0 

2.4 

2.2 

2.3 

Dec. 


1.9 
1.8 
2.0 
2.5 
2.4 
2.4 
2.3 
2.3 
2.2 
2.0 
1.0 
1.8 


7 
6 
6 
6 
5 


2.4 
2.1 
1.9 
1.8 
1.6 
1.0 
1.5 
1.5 
1.5 
1.4 
1.4 
1.4 
2.1 
2.2 


>  Becord  kept  by  United  States  Weather  Bureau. 
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RIVER   HEIGHTS   FOR   1896. 


[NO.  U. 


lioanohe  JRiver '  at  Clarksville,  Virginia,  for  1894, 


Day. 

Jan. 

1.8 
1.7 
1.6 
1.5 
1.5 
1.8 
3.2 
3.1 
2.8 
2.7 
3.3 
3.0 
2.5 
2.1 
2.0 
1.0 
1.8 
1.7 
1.6 
1.6 
1.0 
1.7 
1.7 
1.7 
1.6 
1.7 
1.7 
1.0 
4.0 
4.1 
3.3 

Feb. 

Mar. 

Apr. 

1.7 
1.7 
1.7 
1.0 
1.5 
1.5 
1.4 
1.4 
1.4 
2.0 
2.3 
2.0 
1.7 
1.5 
1.5 
1.4 
1.4 
1.4 
1.4 
1.4 
2.0 
1.8 
1.5 
1.4 
1.3 
1.3 
1.2 
1.2 
1.4 
1.3 

May. 

1.3 
1.3 
1.3 
2.0 
3.1 
3.4 
2.2 
1.6 
1.4 
1.3 
1.2 
1.3 
1.3 
1.2 
1.1 
1.1 
1.1 
1.3 
2.0 
4.6 
2.4 
1.7 
1.5 
1.5 
1.4 
1.2 
1.1 
1.1 
1.1 
1.1 
1.2 

June. 

1.1 
1.0 
.9 
.8 
.8 
.8 
.8 
1.0 
1.0 
.8 
.7 
.7 
.6 
.6 
.0 
.5 
.5 
.6 
.7 
.9 
.8 
.7 
.6 
.6 
.6 
.5 
.5 
.6 
.7 
.9 

July. 

1.1 

2.1 

2.0 

1.8 

1.0 

.9 

1.2 

1.1 

.6 

.4 

.4 

.3 

.3 

.2 

.2 

.2 

.2 

0.0 

—  .2 

—  .1 
f  .3 

.0 

2.0 

1.5 

.9 

.7 

.6 

.5 

.5 

1.1 

1.3 

i     Aug. 

1 

1.3 

1.5 

1.7 

1.3 

1.2 

.7 

.5 

.3 

.3 

.5 

.7 

1.1 

1.0 

.8 

1.1 

.9 

.8 

.7 

.5 

.4 

.3 

.2 

.1 

.1 

.1 

l.G 

1.4 

.7 

.5 

.4 

.3 

1 

2.4 
2.0 
4.4 
7.0 
6.9 
3.4 
3.0 
3.2 
3.5 
3.4 
2.6 
4.0 
6.2 
6.2 
5.6 
4.5 
3.5 
2.0 
2.7 
2.4 
2.9 
3.1 
2.8 
2.4 
2.4 
2.8 
4.3 
4.7 

5.4 
5.8 
5.4 
4.0 
3.2 
3.0 
2.8 
2.6 
2.4 
2.3 
2.2 
2.1 
2.0 
1.9 
1.8 
1.8 
2.0 
2.1 
2.1 
1.9 
1.9 
1.9 
1.8 
1.9 
2.0 
1.9 
1.7 
1.6 
1.7 
1.7 
1.6 

2 •. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

19 

21 

22 

23 

25 

26 

27 

29 

31 

Roanoke  River '  at  Clarksville^  Virginia,  fttr  1895. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


• 

Mar. 

Apr. 

4.0 

1.7 

6.7 

1.8 

9.0 

2.0 

4.4 

1.8 

3.1 

1.5 

2.5 

1.5 

3.2 

3.9 

4.7 

8.7 

3.3 

9.6 

2.5 

4.5 

2.6 

2.9 

2.7 

2.6 

3.1 

2.5 

3.4 

2.3 

3.2 

2.1 

2.9 

2.0 

May.  June. 


5.9 
4.7 
3.5 
3.0 
2.5 
2.2 
2.4 
2.7 
2.1 
1.9 
1.8 
2.6 
2.2 
1.9 
1.6 
1.5 


1.5 
1.4 
1.3 
1.2 
1.4 
1.7 
2.0 
1.3 
1.2 
1.2 
1.4 
1.6 
1.7 
1.8 
1.0 
1.4 


July. 

Aug. 

2.5 

0.8 

3.5 

.7 

2.7 

.7 

1.7 

.6 

1.1 

6 

.9 

.9 

.9 

1.0 

.9 

.0 

1.0 

.9 

1.1 

1.4 

1.2 

1.0 

1.0 

.8 

.9 

.9 

.9 

.8 

1.1 

.7 

2.4 

•fi 

Day. 


17.... 
18.... 
19.... 
20.... 
21.... 
22.... 
23.... 
24.... 
25.... 
26.... 
27.... 
28.... 
29..,. 
30... 
31.... 


Mar. 

Apr. 

2.5 

3.0 

2.2 

3.5 

2.1 

2.8 

4.0 

2.0 

5.9 

1.0 

4.3 

1.8 

3.5 

1.7 

3.1 

1.6 

2.6 

1.5 

2.5 

1.5 

2.3 

7.4 

2.1 

6.5 

1.9 

7.7 

1.7 

7.9 

1.6 

May. 

June. 

July. 

Auk. 

2.0 

1.3 

1.6 

1.0 

2.7 

1.2 

1.1 

1.4 

2.1 

1.1 

.8 

1.3 

2.2 

1.1 

.8 

1.0 

3.0 

.9 

.9 

1.4 

4.2 

.9 

.0 

1.2 

3.0 

.9 

1.3 

1.0 

2.5 

.9 

1.5 

.7 

2.9 

1.0 

3.3 

.6 

5.0 

1.2 

4.4 

.6 

4.0 

2  0 

2.5 

.7 

2.5 

1.8 

1.8 

.6 

2.1 

1.5 

1.0 

.6 

1.8 

1.2 

.9 

.5 

1.7 

.9 

.5 

1  Record  kept  by  United  States  Weather  Bureau. 
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Roanoke  River '  at  Clarkmnlle,  Virginia y  for  1S96, 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

32 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Day. 


Feb. 


1 

y.  ............. ................'........ 

7.4 

7.5 
5.0 

,  , 

1  .  ,     ., 

1 

Mar. 


2.0 
1.5 
1.3 
1.2 
1.1 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.5 
1.4 
1.3 
1.2 
1.6 
1.7 
2.0 
3.0 
3.9 
2.7 
2.0 
1.8 
1.9 
1.9 
1.9 
1.8 
1.8 
2.6 
4.0 
7.8 


Apr. 
9.0 

May. 

June. 

July. 

Aug. 

3.8 

1.3 

0.8 

0.7 

9.1 

3.7 

1.0 

.8 

.7 

4.5 

3.3 

.9 

.7 

.7 

3.3 

2.5 

1.2 

.7 

.6 

2.5 

1.8 

2.0 

2.7 

.6 

2.3 

1.6 

1.5 

4.3 

.6 

2.0 

1.3 

1.4 

5.0 

.5 

1.9 

1.2 

1.3 

8.0 

.5 

1.8 

1.1 

1.8 

12.5 

.5 

1.8 

1.0 

1.5 

13.8 

.4 

1.6 

1.0 

1.3 

11.0 

1.4 

1.5 

.9 

1.2 

5.5 

.  7 

1.4 

.9 

1.5 

4.0 

.6 

1.4 

.8 

1.3 

2.7 

.5 

1.4 

.8 

1.2 

2.4 

.5 

1.4 

.8 

1.3 

2.2 

2.0 

1.3 

.8 

1.5 

2.5 

1.0 

1.3 

.8 

1.4 

1.8 

.9 

1.3 

.8 

1.2 

1.4 

.7 

1.3 

2.7 

1.2 

1.3 

.6 

1.2 

3.5 

1.1 

1.2 

.5 

1.2 

2.9 

1.8 

1.2 

.5 

1.2 

2.5 

1.6 

1.0 

.5 

1.2 

1.9 

1.5 

1.0 

.5 

2.0 

1.5 

1.0 

1.0 

.5 

1.8 

1.8 

3.0 

.9 

•  ^ 

1.4 

1.6 

2.6 

.9 

■  4 

1.2 

1.5 

2.4 

.8 

1.1 

1.5 

2.1 

.8 

•   V 

4.8 

1.5 

1.3 

.8 

•  V 

1.5 

.8 

■  4 

Roanoke  River  at  Neal,  North  Carolina. 


Day. 

Jiily. 

1 

2... 
3 

4.::. 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

1 

Aug. 


3.56 
3.90 
4.15 
3.70 
3.40 
3.00 
2.90 
2.80 
2.50 
2.20 
2.10 
2.30 
2.90 
5.20 
5.60 
4.60 


Sept. 


65 
30 
00 
00 
24 
30 
30 
05 
90 
30 
00 
30 
20 
80 
56 
10 


Oct. 

Nov. 

2.80 

2.60 

a21.80 

2.50 

23.00 

2.40 

25.10 

2.40 

24.20 

2.90 

20.80 

3.10 

17.00 

17.00 

13.70 

20.30 

11.10 

18.50 

8.90 

14.90 

7.10 

11.80 

6.60 

9.70 

4.50 

8.20 

4.20 

7.10 

4.10 

6.30 

3.80 

6.10 

Dec. 


5.40 

15.85 

19.70 

17.70 

14.80 

12.50 

11.00 

10.30 

9.90 

9.20 

8.40 

7.60 

6.90 

6.30 

6.00 

8.30 


Day. 


17.... 

18.... 

19.... 

20.... 

21.... 

22.... 

23.... 

24... 

25.... 

26.... 

27.... 

28..^ 

29.... 

30. . . . 

ol . • . . 


July. 


7.05 
5.09 
4.08 
4.24 
3.80 


Aug. 


3.50 
2.70 
5.30 
5. 20 
3.90 
2.90 
2.40 
2.00 
2.03 
2.25 
2.50 
2  20 
2.00 
2.70 
2.20 


Sept. 

Oct. 

4.30 

3.60 

4.64 

3.40 

8.50 

3.10 

2.50 

2.90 

2.80 

2.70 

2.60 

2.50 

2.80 

2.40 

3.30 

2.50 

3.30 

2.60 

2.60 

2.60 

8.10 

2.70 

1.80 

2.70 

1.60 

2.80 

1.90 

2.72 

2.00 

Nov. '   Doc. 


6.20 
5.80 
5.12 
4.70 
4.40 
4.20 
4.00 
3.80 
3.70 
3.60 
3.60 
3.50 
3. 50 
3.80 


13. 30 

13.30 

11.70 

10  00 

8.80 

7.80 

7.00 

6.40 

5.90 

5.40 

5.00 

4.  GO 

•1.10 

3.90 

4.00 


a  Kiae  began  al>ont  10  a.  m.  and  continued  at  rate  of  about  2  fet^t  per  hour  for  some  tlmo. 


Tar  River  at  Tarboro,  Noi'th  Carolina, 


Day.     July. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12 
13. 
14. 
15. 
16. 


Aug. 


1.30 
1.00 
.00 
1.20 
1.46 
3.48 
2.87 
1.95 
1.45 
1.00 
.82 
.50 
1.78 
1.92 
1.85 
1.53 


Sept. 


1.00 
.60 
.45 
.80 
.51 
.30 
.35 
.00 
.35 
.23 
.20 
.22 
.12 
.10 
.18 

3.45 


Oct. 


2.82 
3.55 
4.20 
2.95 
2.18 
1.90 
1.50 
1.20 
1.05 
.85 
.90 
.81 
1.05 
1.42 
1.70 
2.00 


Nov. 

Dec. 

0.89 

3.87 

.96 

4.34 

1.20 

4.85 

1.05 

4.00 

1.07 

4.50 

2,15 

4.70 

2.76 

5.00 

3.72 

5.80 

3.13 

6.50 

2.59 

6.72 

2.10 

6.10 

1.71 

5.33 

2.62 

4.64 

4.05 

4.07 

3.20 

3.98 

2.62 

9.75 

1 

Day. 


17... 

18... 

19... 

20... 

21... 

22... 

23... 

24... 

25... 

26... 

27... 

28... 

29... 

80... 

ul. • • I 


July. 


3.56 
3.00 
2.68 
2.25 
2.00 
1.70 


Aug. 

Sept. 

Oct. 

Nov. 

Die. 

1.25 

4.50 

1.98 

2.45 

12. 73 

1.28 

4.35 

1.50 

1.05 

13. 82 

1.00 

4.20 

1.00 

1.63 

14.50 

.73  '  4.60 

1.15 

1.61 

13. 50 

.50     3.52 

.90 

1.50 

12.20 

.65 

2.10 

.« 

1.42 

10.40 

.02 

5.a5 

.69 

1.30 

8.20 

.65 

7.30 

.85 

1.44 

6.44 

.70 

6.40 

1.28 

1.12 

5.40 

1.20 

4.60 

1.12 

1.05 

4.75 

1.30 

3.60 

1.32 

1.02 

4.20 

1.40  ;  2.85 

1.00 

1.00 

4.05 

1.60  1  2.5K 

.89 

1.02 

3.80 

1.48 

2.72 

.80 

1.45 

3.50 

1.10 

.58 

3.20 

*  Record  kept  by  United  States  Weather  Bureau. 
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RIVER   HEIGHTS   FOR   1896. 


(NO.  U. 


Xeuae  River  at  Selma^  North  Carolina, 


Day. 


1. 

2.. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


July.  Aug. 


2.00 
2.00 
2.00 
1.00 
1.20 
1.00 
1.00 
1.00 
.90 


5.05 
5.50 
5. 50 
2.25 
1.50 
1.20 
.80 


Sept. 

Oct. 

5.00 

7.20 

2.30 

.90 

.50 

.50 

.30 

.20 

.20 

.10 

.20 

.50 

.70 

1.70 

1.00 

.60 

Nov. 

Doo. 

Day. 

July. 

Aug. 

Sept. 

0.30 
.30 
.35 
.40 
.30 
.30 
.30 
.60 
.50 
.30 
.20 
.20 
.01 
.01 
.01 
.01 

0.60 

.60 

.60 

.40 

1.20 

4.80 

4.40 

2.30 

1.50 

1.20 

.80 

.80 

1.30 

1.20 

.90 

.80 

3.70    I 

3.50 

3.00 

2.80 

2.60 

2.50    , 

3.00 

4.00 

3.80 

3.50 

2.60 

2.00 

2.00    ' 

2.00 

3.00    1 

7.30 

17 

0.90 

.00 

1.10 

1.00 

1.00 

.50 

.40 

.50 

2.10 

2.00 

1.10 

1.00 

1.00 

-.50 

.30 

0.06 
.05 
.00 
.00 

1.04 
.04 

5.04 

1.07 
.07 
.07 
.40 
.30 
.10 

1.50 

18 

10 

21) 

21 

22 

.««. .... 
^ 

24 

25 

26 

27 

28 

29.... 
30... 
31.... 

1.10 
1.00 
1.00 

Got. 


0.50 
.40 
.40 
.30 
.40 
.60 
.90 
70 
.50 
.40 
.30 
.30 
.80 
.40 
.40 


Nov. 


0.70 
.70 
.60 
.60 
.60 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.70 


Deo. 


,1 


9.00 
8.60 
5.50 
4.60 
3.50 
3.00 
2.80 
2.00 
1.90 
1.80 
1.50 
1.50 
1.40 
1.30 
1.20 


Cape  Fear  River  at  Fayettevilh,  North  Carolina. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

U 

10 

11 

12 

13 

U 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 


18.00 

18.90 

11.40 

8.00 

6.50 

5.70 

4.60 

4.40 

4.60 

4.60 

4.70 

4.40 

4.20 

4.00 

4.10 

4.  (M) 

5.00 

9.00 

6.00 

1.40 

15.00 

22.20 

20.00 

15.00 

15.60 

11.00 

26.20 

22.00 

29.40 

18.10 

17.00 


Feb. 


6.50 

6.50 

7.90 
27. 70 
31.00 
30.00 
45.40 
48.00 
45.00 
42.40 
36.00 
30. 40 
19.00 
16.20 
17.40 
16.00 
13.40 
11.00 
10.50 
10.60 

0.80 

9 

8 

7 

7 

7 

7 


00 
00 
80 
80 
70 
40 
7.30 
7.90 


Mar. 


9.00 
10. 40 
9.30 
7.60 
6.80 
6.00 
5.80 
5.80 
5.40 
5.40 
5.50 
7.80 
11.00 
10.00 
8.60 
7.20 
7.60 
8.00 
7.80 
8.50 
10.50 
9.60 
7.80 
6.80 
6.50 
6.60 
7.00 
6.30 
6.20 
5.80 
5.30 


Apr. 

May. 
3.70 

June. 

July. 

7.50 

4.00 

7.00 

9.50 

5.00 

3.20 

5.30 

22.50 

8.00 

2.70 

4.00 

19.40 

12.80 

4.00 

3.50 

13.00 

10.40 

19.00 

3.50 

9.80 

8.30 

20.00 

5.90 

8.00 

6.00 

14.00 

4.40 

6.80 

4.50 

10.00 

15.00 

6.00 

4.40 

8.00 

34.80 

5.40 

3.90 

6.20 

47.50 

5.20 

3.50 

6.00 

49.50 

5.50 

3.20 

6.00 

47.00 

5.50 

2.80 

5.00 

41.00 

5.00 

2.80 

7.00 

30.30 

4.90 

2.60 

10.90 

19.00 

5.00 

2.50 

8.50 

14.40 

4.90 

2.50 

6.70 

9.50 

4.70 

2.10 

4.60 

9.30 

4.50 

2.40 

6.00 

0.00 

4.20 

2.30 

5.30 

8.70 

4.00 

3.60 

6.40 

8.90 

3.80 

4.10 

S.OO 

8.30 

3.60 

8.17 

4.30 

7.90 

3.50 

11.40 

4.50 

7.20 

4.00 

17.40 

6.40 

7.50 

4.60 

12.00 

7.80 

7.00 

7.00 

9.50 

8.60 

5.20 

5.50 

8.00 

0.00 

4.30 

4.90 

7.20 

10.80 

3.70 

4.10 

6.00 

8.00 

3.60 

• 

5.00 

3.40 

Aug. 


8.30 
4.30 
4.00 
3.30 
3.00 
3.00 
2.80 
2.60 
2.30 
2.00 
2.00 
1.90 
2.70 
4.00 
8.40 
3.70 
3.70 
3.00 
2.60 
2.50 
2.50 
2.10 
2.70 
2.00 
2.40 
4.00 
3.70 
2.70 
2.00 
1.90 
1  40 


Sept. 


1.30 
1.10 
1.00 
.80 
1.50 
3.00 
8.50 
9.50 
5.50 
4.00 
3.30 
2.50 
2.00 
1.50 
1.40 
1.20 
1.00 
1.50 
1.90 
3.00 
2.50 
1.50 
6,00 
6.80 
5.00 
3.90 
3.20 
2.90 
3.50 
8.00 


Oct. 


31.00 
26.80 
10.50 
12.00 
7*80 
4.90 
4.20 
3.60 
3.20 
3.00 
2.70 
2.70 
2.70 
3.00 
3.30 
3.20 
3.00 
2.90 
2.60 
2.40 
2.10 
2.20 
2.30 
2.70 
4.40 
4.10 
3.60 
3.00 
2.80 
2.50 
2.50 


Nov. 


2.50 
2.70 
2.70 
8.00 
4.30 
17.00 
19.00 
14.30 
10.40 
7.70 
6.00 
4.80 
4.60 
4.60 
4.50 
4.80 
4.20 
4.00 
4.00 
3.80 
3.60 
3.50 
3.20 
3.10 
3.00 
8.00 
3.00 
3.30 
3.20 
3.50 


Dec. 


6.00 

15.40 

14.00 

12.40 

10.40 

9.50 

9.60 

13.50 

14.50 

13.  GO 

11.70 

9.50 

8.20 

7.00 

7.50 

9.40 

14.00 

12.30 

9.00 

9.00 

8.30 

7.00 

6.90 

6.80 

5.40 

4.60 

5.00 

4.90 

4.80 

4.00 

u.OO 


Yadkin  River  at  Norwood ,  North  Carolina. 


Day. 

2$opt. 

1... 

1.00 

2... 

1.00 

3... 

1.00 

4... 

.90 

5... 

.90 

6... 

2.50 

7... 

3.30 

8... 

2.10 

9... 

1.65 

10... 

1.45 

11... 

1.30 

Oct 

7.40 

3.40 

2.80 

1.80 

1.60 

1.50 

1.40 

1.40 

1.30 

1.30 

1.20 

Nov.    Dec. 


I 


1.30 
1.30 
1.30 
1.40 
3.10 
6.00 
3.40 
2.50 
2.20 
2.10 
1.90 


1.50 
2.70 
2.70 
2.30 
2.30 
2.20 
2.30 
2.40 
2.20 
2.10 
1.90 


Day. 

Sept. 

Oct. 

12... 

1.20 

1.20 

13... 

1.20 

1.20 

14... 

1.20 

1.20 

15... 

1.30 

1.30 

16... 

1.20 

1.30 

17... 

1.30 

1.20 

18... 

1.30 

1.20 

19... 

1.20 

1.20 

20... 

1.20 

1. 10 

21... 

1.10 

1.10 

22... 

1.10 

1.10 

Nov. 

Doc.  ' 

Day. 

1 

23... 
24... 
25... 
26... 
27... 
28... 
29... 
30... 
31... 

Sept. 

1 
Oct. 

1.20 
1.20 
1..30 
1.30 
1.30 
1.30 
1.20 
1.20 
1.20 

Nov. 

I)«;. 

1.70 
2.20 
1.30 
1.90 
1.70 
1.60 
1.50 
1.50 
1.50 

1.70 

1.30 

1.60 

1.90  , 

2.50  , 

3.80 

2.90 

2.30 

2.10 

2.00 

1.90 

1.20 
1.30 
1.20 
1.20 
1.10 
1.00 
1.20 
1.30 

1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.50 
1.70 

1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.60 
1.00 
1.70 

1  50 

1 

1.50 

1 

1 

I""-"I 

MTm.]       OAOE  HEIGHTS   ON  SOUTH  ATLANTIC   WATERSHED. 
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Tadkin  River  at  Saliahury,  North  Carolina. 


Day. 

Jan. 

Peb. 

Mar.  1  Apr. 

1 

May. 

1 

Jnne. 

_ 
1 
1.50  . 

July. 

Aug. 

S«pt.    Oct. 

Nov. 

Dec. 

1 

8.60 
3.00 
2.40 
2.20 
1.80 
1.60 
1.60 
1.90 
3.70 
3.60 
8.40 
2.60 
2.10 
1.70 
1.70 
1.70 
1.90 
2.20 
2.10 
2.00 
1.90 
1.80 
2.50 
4.80 
3.70 
8.20 
2.00 
2.40 
2.20 
2.10 
2.00 

2.00 
2.00 
5.70 
6.70 
4.90 
5.80 

2.50 
2.20 
2.70 
1.80 
2.00 
2.iM 

2.50 
8.00 
7.30 
4.00 
3.10 
2.60 
2.50 
2.40 
2.20 
2.20 
2.20 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
2.00 
2.00 
1.90 
1.90 

1.80 

1.80 

2.00 

1.40     8.40 
1. 40     3. 70 
1. 40     2. 20 
1.40  :  2.50 
1.50     1.80 
4.50  :  1.70 
2.  70     1. 70 
2. 20     1.  60 
1.  90  1  1. 60 
1.60     1-60 

1.68 
1.70 
1.72 

'5.80' 
6.78 
3.60 
3.50 
2.60 
2.30 
2.20 
2.10 
2.15 
2.00 
2.00 
2.00 
1.98 
1.95 
1.92 
1.90 
1.90 
1.90 
1.89 
1.88 
1.88 
l.i-S 
1.90 
1.90 
2.70 
6.30 

6.70 
4.10 
8.70 
2.80 
2.50 
2.55 
2.53 
2.52 
2.30 
2.27 
2.26 
2.26 
2.25 
2.23 
2.30 
5.0) 
3.55 
3.40 

3.90 
3.70 
3.33 
2..'{0 
2.20 
2.13 
2.12 
2.10 
2.00 
2.00 
2,08 
2.07 

2 

1.80     ISO  1 

1.60     1.90 
1.60     1.90 
2. 60     1.  70 
2.70     1.70 
2.80  *  1-60 

3 

2.10 
2.90 
2.30 
2.20 

1.80 
8.90 
3.70 
2.50 

4 

5 

e 

7 

7.00  ,  1.90 
5.00  '  1.90 
5.00     1.90 
4.70     1.90 
8. 60     2. 00 
3.00  1  2.20 
2.  70     2. 40 
3. 80  1  2. 10 
3. 10     2. 00 

2.00  ,  2.20 
1.90     2.00 
1.90     2.00 
1.90     1.90 

4.50 

1.60 

8 

4.90 
12.90 
al5. 00 
10.00 
9.80 
7.90 
4.90 
4.00 
3.70 
2.80 
2.40 
2.40 
2.20 
2.20 
2.80 
2.50 
2.30 
2.20 
2.00 
1.90 
1.90 

1.60 
1.50 
2.00 
2.00 
1.90 
1.80 
1.60 
1.60 
2.50 
2.20 
2.90 
2.70 
2.50 
1.00 
1  90 
1.50 
1.50 
1.50 
1.60 
1.60 
1.50 

9 

10 

11 

12 

13 

14 

16 

1.90 
1.90 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 

2.20 
1.8U 
1.80 
1.80 
1.70 
1.60 
1.60 
1.80 
1.80 
1.80 

1.50 
1.60 
2.00 
1.75 
1.60 
1.50 
1.60 
1.60 
1.60 
1.60 
1.50 
1.50 
1.70 
1.60 
1.50 
1.50 
1.46 
1.45 

1.60 
1.62 
1.66 
1.64 
1.70 
1.70 
1.68 
1.65 
1.60 
1.60 
1.60 
1.48 
1.48 
1.60 
1.76 
1.67 
1.66 
1.65 

16 

17 

18 

2.80 
2.50 
2.30 
2.20 
2.10 
2.00 
1.80 
2.10 
2.20 
2.10 
2.10 
2.10 
2.20 
2.30 

1.80 
2.00 
2.00 
1.90 
2.20 
2.60 
2.20 
2.10 
2.10 
2.50 
2.40 
2.20 
2.10 
2.00 
2.10 
1  2.60 

19 

ao 

21 

22 

23 

1.50 
1.80 
1.80 

1.70 
1.70 
1.60 

24 

1.80 
1.70 
2.00 
2.00 
1.80 
1.70 

1.80 
2.10 
2.80 
2.60 
2.20 
2.10 
1.90 

26 

26 

27 

28 

29 

2.20 

1.50 

1.50     1.65 

8.60  1  1.65 

'  1.68 

ao 

31 

LOO  '  1.70 
1  1.60 

1.90 
1.90 

1.50 
1.40 

1 

1 

1 

.      .     ,. 

a  July  10  river  rose  14.90  above  low*vrater  mark. 


Catawba  River  at  Bookkill,  South  Carolina, 


Day. 

1             ' 
Jul.    Feb. 

Mar.  ■  Apr. 

1 
*                      1 

May. 

Jane. 

July. 

Aug.  Sept. 

Oct. 

Nov. 

Dec. 

1 

— 1  - 
3.80  '  2.10  '  2.30  '  2.10 

1 
1.70 

1.50  !  1.70 

2.00  1  1.60 
1. 90     1. 50 
2. 00     1. 50 
1. 90     1. 60 
1. 90     2. 10 
2.  00     2. 10 
1.90     2.90 
1.  80  !  2.  20 

3.90 
2.60 
2.00 
1.70 
1.60 
1.60 
1.60 
1.50 

1.60  ' 

1.70 

1.70 

1.70 

3.30 

6.40 

3.90 

2.60 

2.40 

2.20 

2.00 

l.OU 

2.50 

2.20 

2. 20 

2.10 

1.90 

1.80 

1.80 

1.80 

1.80 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.90 

2.20 

5.50 
4.30 
3.10 
2.60 
2.40 
2.30 
2.40 
2.30 
2.20 
2.10 
2.00 
1.90 
1.90 
1.90 
1.00 
3.  2  J 
3.  40 
2.70 
2.30 
2.20 
2.10 
2.00 
2.00     1 

2 

2.90     2.10     2.20     2.70 

1.  80      1. 90     1. 60 

3 

4 

2.40     3.60     2.10 
2.20  14.90     2.10 
2.00     3.50,2.00 
L  90  '  6.25  '  2.00 

5. 80     3. 80     2. 20     2. 00 
3.  50  1  4.  30  '  2.  50  1  2. 60 
2.80     2.00     3.20     2.00 
2. 50  !  2.  50  <  2.  60  '  4.  50 
2.  30     2. 30     2. 10  ,  5. 20 
2.20     2.10     1.90     7.37 
2.10  '  2.00  1  1.80   12.22 
2. 10  ,  2. 00  ;  2. 20   15. 20 
2.00     1  90  !  1.80    10.65 

5 

6 

7 

1.80 
1.80 
2.00 

6.60 
4.90 
5.70 

2.00 
2.00 
1.00 
1.90 
1.90 
2.10 
2.10 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 

8 

9 

1.80  1  1.90     1.50 
1.70     1.70  ,  1.50 
1.70     1.60  '  1.60 

10 

1.90 

5.30 

11 

1.90 
1.90 
1.80 
1.80 

4.00 
3.20 
2.80 
2.00 

12 

2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 

1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 

1.70  1  7.90 
1.  70  ,  6. 30 
1. 60     4. 40 

1.70 
1.80 
1.70 
2.10 
2.00 
1.90 
2.00 
2.00 
1.80 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.50 
1.60 

1.60     1.50 
1. 50  ,  1.  50 
2.00  '  1.50 
1.  70  .  1.  60 
1.60     1.60 
l.r»0  1  1.60 
1.60     1.50 
1.60  ,  l.JK) 
1.00  '  1.50 

13 

14 

15 

1.80  i  2.80 
1.80  '  2.70 
2. 10  1  2. 60 
2.40  ,  2.40 
2. 20     2. 40 

1.60 

8.40 

16 

1.60 
1.60 
1.60 

3.10 
2.80 
2.60 

17 

18 

19 

1.  80     1. 70  '  1. 80     2.  40 

20 

2. 00  !  2. 30     2. 10 

1.80  >  1.70  1  2.00 

2.70 

2.50 

2.50 

2.20 

2.30 

2.20 

2.10 

2.10 

1  2.40 

,  2.40 

1  2.30 

2.10 

21 

2.00  ,  2.30 
1. 90  '  2. 20 
2. 60     2. 10 
3.  80     2. 10 

2.00 
2.10 
2.00 
2.00 
2.00 
2.20 
2.10 
2.00 
2.00 
1.90 
2.00 

1.80 

1.60 

2.00 

1.50 
1.60 
1.60 

1.50 
1.50 
1.50 

22 

23 

1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 

1.60 
1.60 
1.60 
2.60 
1.90 
1.80 
1.90 
1.80 
1.70 
1.60 

1.90 
2.10 
1.90 
1.90 
2.10 
2.(K) 
2.00 
2.00 
1.90 

24 

1.  60     1.  00 

1.90    ' 

25 

26 

27 

4.50 
8.80 
2.90 
2.60 
2.40 
2.20 
2.20 

'  2.20 
2.10 
2.10 
2.10 
2.30 

1 

1 

1.60 
1.60 
1.50 
1.50 
1.60 
4.30 

1.60 

1.60 

1.60 

>  1.60 

1.50 

1  1.50 

1  1.60 

1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 

28 

29 

30 

31 

TP-R.    11- 

*5 

i 
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RIVER   HEIGHTS    FOR   189B. 


[NO.  IL 


Catawha  Bivtr  at  Caiawbay  North  Carolina, 


Day. 

July. 

Ang. 

Sept 

Oct 

Nov. 

Deo. 

Day. 

1 
July.  Aag. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.26 
2.25 
2.22 
2.28 

1.65 
1.86 
1.48 
1.45 

2.45 
2.25 
1.92 
1.65 

1.68 
1.65 
1.58 
1.88 

5.66 
5.32 
3.82 
2.66 

17 

18 

10 

20 

2.08 
2.02 
2.78 
2.75 

2.08 
1.88 
1.82 
1.68 

1.82 
1.62 
1.52 
1.68 

1.48 
1.48 
1.48 
1.48 

1.02 
1.02 
1.02 
1.92 

8.28 
2.95 
2.95 
2.42 

2 

3 

4 

8.05 

6 

2.95 

2.15 

3.32 

1.62 

7.38 

2.65 

21 

2.62 

1.68 

1.52 

1.58 

1.92 

2.22 

6 

4.32 

2.05 

2.32 

1.68 

3.92 

2.32 

22 

2.72 

1.62 

1.56 

1.60 

1.88 

2.05 

7 

3.82 

1.98 

2.32 

1.58 

3.35 

2.32 

23 

2.72 

1.65 

1.62 

1.52 

i.a5 

2.00 

8 

6.75 

1.92 

1.72 

1.65 

2.32 

2.18 

24 

2.62 

1. 68  !  1.  52 

1.68 

1.85 

2.12 

9 

5.00 

1.92 

1.02 

1.52 

2.12 

2.12 

25 

2.52 

1.65  :  1.52 

1.68 

1.78 

1.98 

10 

7.72 

1.95 

1.52 

1.52 

1.95 

2.10 

26 

2.48 

1.62  ;  1.48 

1.52 

1.76 

1.95 

11 

7.48 

2.02 

1.52 

1.52 

1.88 

1.08 

27 

2.42 

1.62 

1.48 

1.52 

1.72 

1.85 

12 

6.05 

1.98 

1.72 

1.65 

1.88 

1.96 

28 

2.02 

1.62 

1.62 

1.62 

1.72 

1.00 

13 

5.25 

1.92 

1.95 

1.55 

1.85 

1.08 

20 

2.48 

1.52     1.65 

1.55 

2.98 

1.90 

14 

4.38 

1.88 

1.68 

1.68 

1.82 

1.05 

80 

2.85 

1.65     4.02 

1.66 

7.42 

1.90 

15 

3.58 

2.02 

1.62 

1.62 

1.02 

3.78 

81 

2.28 

1.85  1 

1.68 

•«•••■ 

1.00 

16 

3.32 

2.15 

1.62 

1.62 

1.02 

3.68 

Broad  Kiver  at  Gaffnejf,  South  Carolina. 


Day. 


1.... 

2..., 

3.... 

4.... 

6.... 

6.... 

7.... 

8..-. 

9... 
10... 
11... 
12... 
18... 
14... 
16... 
16... 


July. 


2.62 
6.88 
1.60 
.83 
.81 
.78 
.83 


Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

0.43 

0.10 

0.81 

0.47 

2.63 

.41 

.11 

.44 

.28 

1.60 

.60 

.84 

.38 

.40 

1.02    1 

.67 

.46 

.80 

.40 

.92 

.38 

.63 

.22 

1.60 

1.50 

.28 

.49 

.35 

5.82 

1.11 

.82 

.40 

.31 

2.40 

1.16 

.80 

.41 

.30 

1.98 

1.10 

.18 

.40 

.25 

.92 

1.30 

.80 

.14 

.30 

.68 

.91 

.25 

.20 

.22 

.62 

.85 

.83 

.82 

.16 

.31 

.83 

.22 

.29 

.31 

.76 

.77 

.48 

.20 

.36 

1.04 

.99 

.60 

.23 

.87 

1.84 

1.16 

.36 

.20 

.80 

1.76 

2.06 

Day. 


July. 


17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


0.59 
.63 
.52 
.51 
.50 
.50 
.49 
.50 
.48 
.55 
.63 
1.64 
.78 
.62 
<  .48 


Aug.  I  Sept. 


Oct. 


0.68 
.49 
.30 
.22 
.28 
.23 
.20 
.18 
.21 
.24 
.17 
.18 
.20 
.10 
!  .14 


0.80 
.36 
.23 
.10 
.10 
.30 
.25 
.18 
.14 
.19 
.12 
.06 
.19 

1.64 


0.29 
.23 
.20 
.26 
.29 
.27 
.29 
.28 
.32 
.28 
.31 
.35 
.29 
.81 
.30 


Nov. 


Dec. 


0.65 
.60 
.53 
.72 
.79 
.60 
.65 
.71 
.69 
.66 
.68 
.69 
.45 

1.70 


1.45 

1.21 

1.09 

1.12 

1.11 

1.05 

.09 

.94 

.91 

1.01 

.80 

.93 

.96 

.92 

.89 


Broad  River  at  JUton,  South  Carolina, 


Day. 

July. 

Aug. 

Sept. 

1.50 
1.85 
1.93 

Oct. 

Nov. 

2.71 
2.63 
2.20 

Dec. 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

2.61 
3.02 
3.03 

8.36 
3.96 
8.46 

8.46 
7.80 
6.66 

17 

18 

19 

4.83 
4.03 
3.87 

2.13 
2.86 
2.52 

1.90 
1.09 
2.05 

2.60 
1.96 
1.96 

3.07 

6.01 

1      2 

2.89     4.39    i 

1      3 

i'ii 

2.73 

4.06 

1      4 

2.17 

2.95 

2.73 

2.62 

2.40 

6.00 

20 

5.00 

2.35 

2.01 

1.75 

2.74 

8.80 

6 

2.87 

2.86 

4.76 

2.21 

9.47 

5.33 

21 

6.42 

3.67 

1.93 

1.90 

2.76 

3.66 

6 

2.64 

2.61 

4.93 

1.90 

13.38 

6.21 

22 

4.06 

2.81 

2.78 

2.02 

2.60 

3.60 

7 

8.20 

2.61 

8.89 

1.86 

10.33 

6.84 

23 

3.84 

1.98 

4.63 

2.03 

2.69 

3.45 

8 

13.39 

2.48 

3.21 

2.16 

7.20 

6.77 

24 

3.80 

1.95 

2.68 

2.40 

2.56 

3.40 

9 

10.24 

2.30 

2.52 

2.10 

4.11 

6.35 

25 

3.14 

2.05 

2.51 

2.64 

2.72 

3.25 

10.... 

17.26 

2.03 

2.18 

2.00 

3.66 

5.61 

26.... 

2.90 

2.01 

1.94 

2.49 

2.60 

3.16 

11 

13.69 

1.91 

2.13 

2.06 

2.73 

4.40 

27 

2.87 

2.15 

1.85 

2.07 

2.62 

3.04 

12 

13.39 

2.87 

2.15 

1.81 

3.15 

3.96 

28 

2.79 

2.19 

1.86 

2.25 

2.70 

3.06 

13 

9.92 

2.07 

2.36 

1.72 

6.U 

8.64 

29 

4.77 

2.44 

2.11 

2.20 

2.76 

3.09 

14 

6.66 

2.92 

2.61 

2.02 

4.78 

8.70 

30 

3.40 

2.15 

8.78 

2.19 

4.26 

3.18 

15 

6.06 

2.71 

1.96 

2.20 

3.85 

8.40 

31 

2.90 

1.66 

2.26 

3.07 

16 

4.20 

8.81 

2.16 

2.40 

3.31 

6.30 

DAVI8.]        GAGE   HEIGHTS   ON   SOUTH   ATLANTIC    WATERSHED. 
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Saluda  Biver  at  WaUrloo^  S<mth  Carolina. 


Bay. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Aag.  Sept. 


2.90 
3.50 

2.80 ; 

1.90 

3.50  I 

4.15 

3.80 

4.00  ' 

3.60  , 

3.30 

3.30 

3.90 

3.00 

2.30 

3.65 

3.25  I 


Oct. 

Nov. 

4.00 

3.70 

3.50 

2.60 

3.75 

4.00 

3.  ID 

10.80 

2.40 

14.50 

3.70 

14.50 

3.65 

11.35 

3.65 

5.60 

3.45 

5.10 

3.10 

4.00 

3.00 

4.70 

2.20 

4.60 

3.45 

6.30 

3.6U 

6.20 

3.60 

4.85 

3.30 

4.70 

Dec. 


8.30 
(a) 
(a) 
<a) 
5.50 
5.90 
5.15 
5.85 
5.80 
5.20 
4.90 
4.75 
3.90 
4.30 
8.40 
7.80 


Day. 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
81 


Aug.  Sept. 


Oct.  ,  Nov.  I  Deo. 


3.20 
2.20 


3.15 
3.15 
3.70 
3.00 
2.20 
4.26 
4.35 
4.00 
3.30 
3.20 
2.90 
2.30 
6.40 
5.35 


2.80 

4.65 

3.15 

4.55 

2.20 

4.50 

3.20 

4.45 

3.15 

4.45 

3.U0 

3.80 

3.60 

3.80 

4.10 

4.30 

3.90 

4.35 

2.45 

4.25 

3.80 

4.30 

3.80 

4.25 

3.55 

5.20 

3.70 

7.55 

4.30 

5.55 
4.76 
5.15 
4.15 
4.85 
4.65 
4.00 
4.55 
3.85 
3.20 
2.85 
3.80 
4.35 
4.40 
4.35 


1 
2 
8 

4 

6 

6 

7 

8 

9 

10 

U 

12 

13 

U 

15 

16 


a  Ice  on  river;  no  readingB  December  2,  3,  and  4. 
Saranfiah  River  near  Calhoun  Falls,  South  Carolina. 

Aug. 


2.40 
2.30 
2.15 
2.10 
2.00 
2.05 
2.10 
2.05 
2.00 
1.95 
2.80 
3.10 
2.30 


Sept. 


2.00 
1.90 
1.85 
1.80 
1.95 
3.85 
3.00 
2.40 
2.40 
2.25 
2.20 
2.30 
2.15 
2.10 
2.05 
2.00 


Oct.  1  Nov. 


2.00 
1.95 
1.90 
1.95 
1.90 
1.85 
1.90 
1.75 
1.70 
1.70 
2.00 
2.25 
2.60 
2.40 
2.15 
2.00 


2.20 
2.15 
2.05 
3.00 
5.65 
7.15 
4.75 
3.00 
2.60 
2.45 
2.30 
2.20 
5.60 
4.10 
3.60 
3.25 


Deo. 


Day. 


5.60 
5.00 
4.95 
5.15 
5.00 
4.05 
3.50 
3.75 
3.05 
3.20 
2.86 
2.60 
2.45 
2.55 
3.85 
3.20 


17... 
18... 
19... 
20... 
21... 
22... 
23... 
24... 
25... 
26... 
27... 
28... 
29... 
30... 
31... 


Aug, 


2.10 
2.05 
2.05 
2.00 
1.90 
1.85 
1.80 
1.75 
1.75 
2.00 
2.45 
2.00 
1.95 
1.90 
1.85 


Sept.  I  Oct. 


2.00 
1.95 
1.90 
1.85 
1.80 
1.70 
2.50 
2.40 
2.35 
2.25 
2.00 
1.90 
1.96 
2.00 


1.95 
1.90 
1.85 
1.80 
1.80 
1.75 
1.75 
2.15 
2.05 
2.00 
1.95 
1.90 
1.85 
1.96 
2.10 


Nov. 


3.00 
2.00 
2.65 
2.40 
2.25 
2.35 
2.;iO 
2.30 
2.30 
2.25 
2.25 
2.20 
2.30 
2.05 


Dec. 


8.40 
3.10 
3.00 
2.85 
2.80 
2.75 
2.65 
2.60 
2.65 
2.50 
2.45 
2.40 
2.40 
2.40 
2.36 


Oconee  River '  at  Dublin,  Georgia,  for  1894, 


Day. 


1 

4 

5 

7 

8 

9 

10 

12 

13 

15 

17 

19 

ao 

21 

22 

23 

24 

25 

27 

20 

vV*  «•••«•••■ 
™4  •■■•«•■••« 


Jan. 


3.6 
8.6 
8.0 
2.6 
1.9 
1.8 
2.0 
2.0 
2.6 
3.8 
4.4 
5.0 
6.0 
6.6 
6.9 
6.5 
4.9 
5.0 
49 
4.3 
3.5 
3.0 
3.2 
3.8 
3.7 
3.5 
4.0 
3.9 
3.4 
3.0 
2.9 


Feb. 


2.8 

2.5 

2.3 

2.3 

2.5 

2.7 

2.9 

2.7 

2.3 

2.2 

2.2 

4.0 

6.6 

7.8 

9.7 

11.3 

12.8 

13.7 

14.9 

14.3 

12.7 

10.3 

8.4 

7.8 

8.0 

9.6 

10.2 

10.8 


Mar. 


11.2 
11.8 
12.4 
12.8 
13.0 
12.7 
11.0 
8.0 
6.5 
6.0 
5.5 
5.- 5 
7.5 
8.6 
8.9 
8.6 
6.0 
6.4 
6.4 
6.3 
5.9 
5.0 
4.4 
4.4 
6.1 
6.2 
6.9 
6.0 
6.3 
4.5 
4.0 


Apr. '  May. 


3.8 
3.5 
3.4 
8.4 
3.5 
3.8 
8.8 
8.7 
3.1 
2.9 
3.0 
4.0 
4.8 
4.1 
3.3 
2.0 
2.6 
2.5 
2.5 
2.8 
4.5 
6.0 
4.9 
4.0 
3.0 
2.5 
2.3 
2.0 
1.0 
1.9 


1.9 

1.8 

1.8 

1.5 

1.4 

1.3 

1.1 

1.0 

.0 

.9 

.9 

1.5 

1.1 

.9 

.9 

1.5 

2.9 

2.5 

2.0 

1.6 

1.9 

2.0 

1.5 

1.2 

1.0 

1.0 

.9 

.6 

.5 

.5 

.4 


June. 


July. 


0.2 
.1 
.0 
.1 
.1 
.2 
.2 
.3 
.4 
.4 
.4 
.5 
.6 
.7 
.7 
.7 
.7 
.6 
.3 
.4 
.2 
.1 
.4 
.8 
.4 
1.0 
2.9 
1.5 
.9 
1.5 


Aug. 


1.4 

.6 

.6 
1.0 

.8 

.5 
1.1 

.9 

.3 
1.4 
4.9 
4.8 
3.8  I 

.9  I 

.8 

.7 

.4 
1.1 

.3 
3.7 
5.0 
4.4 
3.8 
4.4 
4.6 
3.8 
3.4 
4.4 
3.4 
3.0 


5.0 
6.8 
7.5 
6.5 
5.0 
8.0 
9.4 
10.0 
11.0 
13.2 
14.9 
13.6 
7.8 
4.0 
3.8 
2.0 
1.4 
1.4 
4.9 
6.0 
5.1 
3.3 
2.9 
2.3 
2.1 
2.8 
4.4 
4.2 
4.8 
4.2 
5.0 


Sept. '  Oct. 


4.9 
3.9 
2.9 
1.4 
1.0 
1.3 
1.4 
1.1 
1.8 
1.8 
1.4 
1.4 
1.3 
1.0 

.9 

.8 

.6 

.9 
2.2  , 
4.5  > 
6.1  I 
6.6 
4.7  ' 
2.1  I 
1.4  I 
1.0 
1.0 
1.0 
1.0 
1.0 


1.0 

.8 

.6 

.4 

.2 

.1 

.2 

.2 

1.1 

6.5 

8.6 

9.8 

12.5 

14.8 

13.8 

8.4 

3.4 

2.6 

2.0 

1.8 

1.6 

1.4 

1.1 

1.0 

1.0 

1.0 

1.0 

.9 

.9 

.8 

.8 


Nov. 


2.0 
2.4 
3.0 
6.1 
7.6 
6.0 
3.6 
2.7 
2.0 
1.7 
1.5 
1.4 
1.3 
1.3 
1.4 
1.6 
1.8 
1.8 
1.6 
1.6 
1.4 
1.5 
1.6 
1.5 
1.7 
1.7 
1.8 
1.7 
1.4 
1.4 


1.3 
1.2 
1.1 
1.0 
2.0 
2.4 
2.4 
2.1 
1.9 
1.7 
2.2 
3.4 
6.0 
8.1 
9.5 
11.4 
12.9 
13.0 
10.5 
5.4 
3.8 
3.2 
2.9 
2.5 
2.3 
2.2 
2.7 
3.9 
6.0 
5.3 
4.3 


>  Record  from  United  Stated  Weather  Bureau. 
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RIVEB   HEIQHTS   FOR   1896. 


[KO.ll. 


Oconee  Biver '  at  Dublin,  Georgiaf  for  1895, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

1 

1 

1 

3.4 

3.2 

3.2 

3.5 

3.8 

8.7 

3.4 

3.0 

3.0 

7.7 

10.4 

11.9 

15.5 

18.0 

17.9 

16.9 

15.5 

13.4 

10.1 

7.4 

6.1 

5.4 

5.0 

4.9 

4.7 

7.8 

10.5 

10.7 

11.8 

13.2 

14.0 

14.2 

14.5 

14.8 

14.2 

13.4 

12.1 

11.3 

10.0 

9.2 

8.7 

7.8 

7.1 

7.8 

7.9 

7.9 

7.3 

7.4 

7.5 

7.7 

8.1 

8.5 

8.3 

8.0 

7.7 

7.4 

6.8 

6.1 

5.7 

6.4 

5.2 

5.0 

6.8 

7.8 

8.3 

8.5 

8.6 

9.9 

1U.9 

12.0 

13.1 

13.1 

13.1 

15.4 

17.9 

20.2 

22.0 

23.4 

22.9 

21.6 

19.6 

17.2 

15.5 

14.0 

12.6 

10.9 

9.0 

7.5 

6.8 

5.6 

6.2 

5.0 

5.2 

5.8 

6.7 

6.2 

4.6 

6.8 

8.4 

9.2 

10.3 

10.1 

10.2 

8.8 

6.0 

4.8 

4.8 

6.1 

7.4 

8.5 

9.8 

10.4 

9.7 

7.4 

5.5 

5.0 

5.0 

0.6 

7.8 

8.8 


9.6 
10.3 
10.5 
8.7 
6.6 
5.6 
5.2 
5.2 
4.9 
4.7 
6.4 
6.1 
6.0 
5.4 
4.4 
3.8 
3.4 
3.1 
3.3 
3.2 
3.5 
3.7 
4.7 
4.7 
4.8 
5.6 
6.7 
7.8 
8.4 
9.2 
9.0 

6.8 
4.4 
3.6 
3.0 
2.8 
2.6 
2.4 
2.4 
3.0 
2.3 
2.1 
2.0 
1.9 
1.9 
2.3 
3.0 
2.6 
3.8 
5.7 
4.8 
2.9 
2.2 
1.9 
1.0 
1.8 
1.7 
1.6 
1.6 
.2.5 
2.0 

2.6 

5.0 
6.5 
6.9 
6.4 
5.0 
3.8 
4.3 
7.4 
8.7 
9.5 
10.6 
11.4 
11.5 
7.6 
4.0 
3.2 
2.7 
2.4 
2.9 
2.5 
2.2 
2.0 
1.8 
1.7 
1.5 
1.4 
1.3 
1.2 
1.2 
1.0 

0.9 
.7 
.6 
.8 
6.5 
6.6 
4.0 
2.7 
3.5 
3.8 
2.9 
2.3 
2.0 
2.1 
3.3 
5  3 
6.1 
7.0 
7.5 
8.2 
9.5 
11.0 
12.0 
11.7 
9.7 
5.5 
3.3 
3.3 
3.9 
3.0 
2.4 

2.3 

2.9 

2.5 

2.4 

5.7 

6.5 

7.0 

7.3 

8.3 

9.2 

7.5 

4.3 

4.8 

4.3 

3.2 

2.4 

2.2 

1.8 

1.8 

1.5 

1.4 

1.2 

1.0 

.9 

.8 

.6 

.5 

.4 

.3 

.3 



0.3     1 

2 

.3     ' 

8 

.2    1 

4 

.  1 

5 

.  1 

6 

:J  ' 

7 

8 

.0 

.1    ' 

9 

.] 

10 

.1 

11 

.5     1 

12 

.4     \ 

13 

\l     ' 

14 

.8    ' 

16 

m       1 
•  f        1 

16- 

.6 

17 

.5 

18 

.4 

]9 

.4 

20 

.3 

21 

.3 
.3 
.1 
.1 
.1 
.0 
.0 
.0 
.0 
.1 
.1 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Oconee  River  *  at  Dublin,  Georgia,  for  1896, 

[No  record  was  kept  at  this  station  from  May  to  October,  1896.  Capt.  J.  D.  Roberts,  in  charge  of  the 
steamers  Henry  and  Gipsy,  states  that  from  the  15th  of  September  to  tne  15th  of  October,  1896,  occurred 
the  lowest  water  in  six  years,  the  gage  at  Dublin  gom<;  down  to  —1.20  and  remaining  at  about  that 
level  for  nearly  thirty  days.    ThiH  information  is  valuable  and  authentic] 


Day. 

Jan. 

4.1 
5.0 
4.7 
3.6 
2.8 
2.2 
1.9 
1.9 
2.7 
4.0 
4.0 
3.5 
3.0 
2.5 
2.3 
2.0 
3.5 
6.7 
7.5 
8.0 
8.0 
6.4 
5.0 
6.9 
8.3 
8.9 
10.0 
11.4 
12.3 
12.0 
10.9 

Feb. 

Mar. 

6.6 
6.8 
6.4 
5.4 
5.0 
4.0 
3.8 
4.6 
6.4 
6.2 
5.8 
6.7 
7.3 
7.6 
7.0 
5.8 
5.2 
4.8 
4.6 
4.4 
4.7 
4.6 
4.3 
4.1 
3.9 
4.5 
4.4 
4.2 
3.9 
3.7 
3.3 

Apr. 

Oct. 

... 
...... 

'"ifi* 
1.1 
1.1 

1.2 

1.2 

1.2 

1.2 

1.2 

1.1 

.6 

.2 

.1 

.2 

.4 

.6 

Nov. 

Dec. 

1 

2 

3 

4 

5 

6.0 
4.5 
4.4 

6.5 

6.4 

8.4 

11.0 

11.6 

14.8 

17.0 

16.8 

16.5 

15.9 

15.0 

13.4 

11.2 

9.6 

8.7 

6.7 

5.8 

6.2 

4.8 

4.6 

4.2 

4.1 

4.0 

4.0 

3.9 

6.0 

3.0 
3.8 
5.5 
5.8 
5.0 
4.4 
3.6 
3.0 
2.8 
2.7 
2.6 
2.4 
2.3 
2.2 
2.1 
2.0 
1.9 
1.8 
1.7 
1.7 
1.6 
1.4 
1.2 
1.0 
.9 
.9 
1.1 
1.1 
1.5 
1.8 

0.5 

.1 

.4 

1.1 

5.4 

7.7 

19.3 

10.5 

0.2 

7.5 

3.4 

2.5 

2.5 

3.6 

3.7 

3.9 

3.5 

2.5 

1.7 

1.5 

1.3 

1.1 

1.0 

.9 

.8 

.6 

.5 

.6 

.6 

.6 

3.2 

6.7 

9.5 

10.7 

11.4 

12.8 

13.1 

12.4 

10.1 

7.8 

6.5 

5.6 

4.5 

6 

7 

8 

» 

10 

11 

12 

13 

14 

4.1    1 

16 

4.1    ' 

16 

4.0 

17 

8.0 

18 

8.9 
9.7 
8.1 
5.3 
4.1 
3.7 
3.2 
3.0 
2.8 
2.5 
2.3 
2.3 
2.2 
2.2 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

30 

81 

^  Record  from  United  States  Weather  Bureau. 
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Oconee  Biver  at  Cary,  Georgia* 


|IHiy. 

Nov. 

Deo. 

Day. 

Nov. 

Dec. 

1.... 

2.10 

5.10 

9... 

1.80 

2.90 

2.... 

1.90 

4.80 

10... 

1.80 

2.70 

3.... 

1.70 

4.40 

11... 

1.80 

2.60 

4..., 

2.10 

4.20 

12... 

1.90 

2.50 

5.... 

2.70 

8.70 

13... 

1.80 

2.40 

6.... 

2.30 

3.40 

14... 

1.90 

2.30 

^m 

«.... 

2.20 

8.20 

15... 

1.90 

4.00 

8.... 

1.80 

3.00 

16... 

2.00 

2.80 

Day. 

Nov. 

Deo. 

Day. 

25... 

26... 
1  27... 
1    28... 

29... 

30... 

31... 

Xov. 

Dec. 

17... 

2.40 
2.;;o 
2.4U 
2.30 
2.20 
2.20 
2.10 
2.00 

1.90 
1.90 
1.80 
1.90 
2.90 
3.90 

2.00 
2.10 
2.00 
1.90 
2.10 
2.00 
2.00 

18... 
19... 

20... 

21. . . 

22... 

;    23... 

24... 

i 

Oomulgee  Biver  ^  at  Maoon,  Georgia,  for  I89S. 


Sept. 

Oct. 

Nov. 

Dec. 

9.30 

1.30 

1.70 

2.50 

8.70 

1.30 

1.60 

3.00 

5  50 

1.50 

1.60 

2.80 

8.00 

8.00 

1.60 

2.70 

2.80 

5.00 

1.60 

2.50 

2.40 

3.50 

1.60 

3.20 

2.40 

3.00 

1.50 

2.00 

2.30 

2.80 

1.50 

1.80 

3.00 

2.70 

1.60 

1.70 

4. 00     2.  60 

1.50 

1  60 

4.10 

2.60 

1.50 

1.50 

5.40 

2.50 

1.50 

1.50 

9.40 

2  50 

1.50 

1.50 

10.90 

2.80 

1.50 

1.50 

6.80 

2.70 

1.50 

1.60 

4.00 

2.50 

1.50 

1.5J 

3. 50     2.  50 

1.50 

3.00 

2.00  ,  2.50 

1.60 

2.80 

2.00  ,  2.40 

1  50 

3.50 

1.60  1  2.20 

1.50 

3.20 

1.60 

2.10 

2.00 

3.10 

1.50 

2.10 

2.80 

3.00 

1.50 

2.00 

3.00 

2. 80 

1.50 

2.00 

2.^0 

2.60 

1.40 

2.00 

2.60 

2.40 

1.40 

2.00 

2.40 

3.20 

1.60 

2.00 

2.30 

2.00 

1.50 

1.80 

2.10 

1.90 

1.40 

1.70 

2.00 

1.80 

1.40 

1.70 

2.00 

2.60 

!  1.70 

1 



3.40 

1  Record  from  United  States  Weather  Burean. 
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RIVER   HEIGHTS   FOR   1896. 


[110.11. 


Ocmulges  River  ^  at  Macon,  Georgiaf  for  1894, 


Day. 

Jan. 

3.20 
3.00 
2.80 
2.60 
2.30 
2.00 
1.80 
1.60 
3.70 
8.30 
4.50 
6.00 
6.80 
5.50 
3.20 
8.80 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

1 
Aug.  Sept 

Oct. 

Nor. 

Deo. 

1 

2 

3 

4 

2.80  ;10.40 
2. 00     9. 10 
2. 00     8. 60 
3.00     8.00 
2.80  ,4.90 
2. 60     4. 20  . 
2.40  1  3.90 
2.  30     3. 80 
2. 20  1  3. 70 
2. 10     3. 50 
3.00     3.20 
7. 20  .  7. 10 

8.00 
8.00 
2.50 
2.50 
3.00 
2.80 
2.80 
2.50 
2.50 
2.50 
5.60 
5.20 
5.00 
4.60 
4.00 
8.80 
3.50 
3.00 
2.80 
6.50 
6.00 
5.80 
5.50 
4.00 
3.70 
3.50 
3.20 
2.90 
2.00 
2.00 

1.80 
1.70 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.30 
1.30 
1.30 
1.20 
1.50 
3.00 
2.50 
2.00 
1.70 
2.50 
2.30 
2.00 
1.70 
1.50 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1  30 
1.20 

1.20  ,  1.60 
1.20  ;  1.60 
1. 20     1. 40 
1.20     1.80 

1.  20     1. 20 
1. 10     2.50 
1. 10     8. 00 
1.00     2  80 
1. 00     2. 60 
1. 00     8. 00 

.90     4.00 

.90     3.80 

.90  !  3.40 

1. 00     3. 20 

.90     3.00 

.90  '  2.80 

.  90  1  3. 00 

1. 00     3.  00 

.90  .  7.60 

.90  1  6.80 

.80  ;  7.90 

2.00  1  4.00 

2.50  1  8.00 

2.60  1  3.00 

'  3. 00     2. 60 

2. 50     2. 30 

2.  OJ     3. 00 
1.80     4.00 
1.60     3.70 
2. 00     4. 00 

,  7.20 

7.00 
6.00 
5.80 
4.80 
9.00 
14.20 
12. 20 
9.60 
6.90 
5.40 
4.00 
4.00 
3.80 
3.60 
3.40 
3.10 
3.00 
3.00 
4.00 
3.00 
4.50 
4.00 
3.80 
3.60 
5.00 
4.80 
4.60 
4.20 
4.00 
8.80 
3.60 

3.40 
3.20 
3.00 
2.80 
2.60 
3.00 
4.00 
6.00 
5.50 
5.00 
4.80 
4.60 
5.00 
5.80 
4.60 
4.30 
4.20 
5.00 
5.30 
11.30 
5.50 
3.00 
2.80 
2.60 
2.70 
2.80 
2.20 
2.10 
1.00 
1.00 

.90 

.90 

.90 

.80 

.80 

.80 

.80 

.90 

11.00 

15.10 

8.00 

6.00 

4.50 

4.30 

4.10 

3.90 

3.60 

3.40 

3.20 

3.10 

3.00 

2.80 

2.00 

2.40 

2.30 

2.10 

2.00 

1.80 

1.70 

1.60 

4.00 

5.00 
5.60 
7.00 
6.50 
6.00 
5.00 
4.00 
3.00 
2.80 
2.40 
2. 30 
2.10 
2.00 
2.00 
1.90 
1.80 
1.70 
1.70 
1.50 
1.50 
1.50 
1.50 
1.60 
1.40 
1.30 
1.80 
1.20 
1.20 
1.10 
1.00 


1.00 
1.00 
.90     ! 
1.00 

5:.: ::.... 

a 

1.50 
1.50     ' 

7 

L40 

8 

9 

1.30 
1.30 
2.00 
4.00 
9.80 
13.20 
10.30 
8.40 
7.20 
8.00 
2.50 
2.40 
2.20 
2.10 
2.U0 
2.00 
l.UO 
1  80 
1.70 
3.00 
4.00 
3.90 
3.70 
3.50 

10 

11 

12 

13 

10.00 

11.00 

13.70 

g.80 

7.90 
6.00 
4.00 
3.50 
4.00 
6.00 
5.00 
4.60 
4.30 
4.00 
3. 80 
3.50 
3.20 
6.00 
5.60 
4.00 
3.50 
3.20 
3.00 

14 

15 

16 

17 

4.20  <  7.50 
8. 30  ,  6.  20 
8.00  !  5.70 
2. 80     5. 20 
3.00     4.90 
3.20  1  5.10 

18 

19 : 

20 

21 

22 

23 

8.00 
3.60 
3.20 
3.30 
3.20 

5.20 
5.60 
6.00 
8.90 
10.40 

24 

25 

26 

27 

28 

8. 00     9. 50 

2.80    

2.70    

2.50  1 

29 

30 

81 

Ocniulgee  Biver^  at  Macon,  Georgia,  for  1895, 


Day. 

Jan. 

1 

3.50 
8.40 
3.20 
3.00 
3.00 
2.80 
2.70 
2.60 
3.00 
15.00 

2.:.:::..::.... 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

14.50 
11.60 

13 

7.00 

14 

6.00 

15 

16 

5.00 
3.00 

17 

18 

2.90 
2.70 

19 

2.60 
2.50 
2.20 
2.10 

20 

21 

22 

'>3 

2.00 

2.00 

2.00 
J2.50 
22.  .'X) 
28.... 
24.... 
26.... 
26.... 
27.... 
28.... 
29.... 
30.... 
31.... 


Feb. 


6.00 
6.00 
5.80 
5.80 
5.10 
4.00 
4.00 
3.90 
3.70 
3.60 
3.50 
8.50 
4.00 
4.20 
4.70 
4.50 
4.20 
4.10 
4.00 
3.90 
3.60 
3.50 
3  50 
8.40 
3.30 
3.20 
3.20 
A  10 


Mar. '  Apr. '  May. ,  June.'  July. '  Aug.  Sept. 


8.00 

4.00 

10.80 

10.00 

U.00 

4.00 

5.70 

10.00 

8.50 

6.00 

4.00 

4.00 

6.00 

14.60 

'15.80 

10.40 

18.40 

10.80 

12.00 

9.00 

11.00 

9.00 

8.00 

7.00 

6.00 

5.80 

5.50 

5.40 

5.80 

•  6.00 

.4.80 


4.60 
4.50 
4.30 
4.20 
4.00 
4.00 
3.90 
11.20 
11.00 
8.00 
7.00 
6.50 
6.00 
6.80 
5.30 
6.00 
4.80 
12.50 
10.00 
8.00 
7.00 
6.00 
6.50 
6.00 
4.80 
4.70 
8.10 
10.90 
10.00 
7.00 


6.00 
5.60 
4.00 
3.80 
3.70 
3.60 
8.60 
3.60 
3.60 
5.00 
5.00 
6.50 
5.30 
5.00 
4.80 
4.60 
4.20 
5.00 
4.20 
4.00 
3.80 
4.00 
4.50 
5.00 
5.00 
7.00 
12.50 
I  7.00 
I  5.00 
I  4.00 
3.90 


3.80 

3.70 

3.60 

3.50 

3.50 

3.40 

j  8.30 

8.20 

!  3.20 

I  8.00 

I  3.00 

I  2.90 

I  2.90 

8.00 

4.00 

4.00 

4.50 

4.30 

4.00 

3.90 

3.80 

3.70 

4.00 

8.90 

3.80 

3.70 

3.50 

3.40 

8.20 


1 

1 

IIO.OO 

10.00 

7.80 

111.80 

2.80 
2.80 
2.80 
4.(10 

10.  00 
9.50 
9.00 
Hi.  40 
10.00 
7.00 
5.00 
4.00 
3.00 
8.70 
3.60 
3.40 
8.30 
3.20 
3.30 
3.60 
3.50 
3.40 
8.80 
3.30 
8.20 
3.10 
3.00 
3.00 
2.90 
2.90 
2.00 


6.00 
5.80 
I  5.60 
5.40 
5.30 
5.00 
4.90 
4.70 
4.50 
4.60 
7.00 
9.70 
12.20 
13.00 
12.00 
9.00 
6.00 
10.00 
9.00 
6.00 
4.50 
4.00 
4.00 
5.00 
4.00 
4.00 
4.50 


4.40 
4.20 
4.00 
5.00 
I  4.80 
'  4.60 
I  4.30 
4.20 
4.00 
3.90 
5.P0 
4.80 
4.50 
4.30 
4.10 
4.U0 
3.90 
3.70 
3.60 
3.50 
3.50 
3.50 
8.40 
3.40 
3.30 
8.20 
3.20 
3.20 
3.10 
3.00 


Oct. 


a2.00 

1.80 

1.60 

1.40 

1.40 

1.20 

1.00 

1.00 

1. 00 

.80 

.60 

.70 

.65 

.40 

.30 

.20 

.20 

.17 

.20 

.18 

.25 

.22 

.21 

.21 

.17 

.19 

.18 

.18 

.17 

.22 

.50 


Nov. 


Deo. 


Im  United  States  Weather  Bureau. 
12.  <)r  1  to  23,  eatimated  by  B.  M.  Hall. 


0.60 
.77 
.85 
.67 
.55 
.45 
.36 
.47 
.56 
.63 
.66 
.60 
.77 
.94 
.72 
.66 
.67 
.55 
.50 
.50 
.50 
.50 
.50 
.50 
.49 
.49 
.47 
.43 
.55 
.54 


0.50 

.50 

.65 

.62 

.54 

.51 

.44 

.40 

.46 

.45 

2.50 

2.20 

1.51 

1.11 

1.01 

1.72 

.58 

.64 

.61 

.59 

2.02 

8.10 

2.68 

1.70 

1.48 

1.01 

1.00 

1.20 

1.30 

1.  :i5 

4.46 


>  Record  from  TJl 
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RIVER   HEIGHTS   FOR   1896. 


[110.11. 


Chattahoochee  River  at  Oakdale,  Georgia,  for  1896. 


Day. 


1... 

2... 

8... 

4... 

6... 

6... 

7... 

8... 

9... 
10... 
11... 
12... 
13... 
14... 
15... 
16... 
17... 
18... 
19... 
20... 
21... 
22... 
23... 
24... 
25... 
26... 
27... 
28... 
29... 
30... 
81... 


Jan. 


8.20 

2.00 

1.00 

1.20 

1.10 

1.00 

.80 

.05 

1.20 

1.25 

1.00 

.85 

.•80 

.75 

.70 

.85 

2.40 

2.35 

2.10 

1.50 

1.25 

1.80 

6.30 

9.80 

9.95 

5.10 

3.55 

2.65 

2.30 

2.10 

1.80 


Feb. 


1.70 
1.55 
1.75 
2.10 
2.20 
2.80 
3.70 
4.30 
5.80 
6.55 
4.30 
3.30 
2.80 
2.95 
4.10 
2.00 
2.55 
2.20 
2.10 
1.80 
1.60 
1.45 
1.55 
1.60 
1.50 
1.40 
1.35 
1.30 
1.55 


Mar. 


Apr. 


1.40 
1.35 
1.40 
1.45 
1.40 
1.35 
1.05 
1.75 
1.55 
1.50 
1.75 
1.85 
1.55 
1.35 
1.20 
1.15 
1.10 
1.35 
1.70 
1.65 
1.45 
1.35 
1.40 
1.45 
1.40 
1.35 
1.25 
1.20 
1.15 
1.20 
1.20 


1.40 

1.70 

2.75 

1.86 

1.35 

1.30 

1.10 

1.15 

1.05 

1.05 

1.05 

1.00 

1.00 

.90 

.90 

.00 

.85 

.85 

.85 

.85 

.75 

.75 

.65 

.70 

.65 

.65 

1.40 

1.70 

1.15 

.85 


Hay. 


0.75 
.75 
.75 
.70 
.65 
3.15 
1.70 
1.20 
.90 
.75 
.65 
.60 
.50 
.50 
.40 
.30 
.30 
.25 
.25 
.20 
.15 
.20 
.20 
1.10 
1.55 
.65 
.85 
.65 
.05 
.40 
.35 


June. 


0.25 

1.40 

1.45 

2.10 

1.60 

1.15 

.60 

.40 

.70 

.70 

.65 

.50 

.30 

.20 

—  .05 
+  .05 

—  .05 
+  .10 

.15 
.55 
1.60 
.45 
.50 
.30 
.20 

—  .10 
-f  .45 

—  .10 

—  .20 

—  .25 


July. 


0.85 
.40 

—  .45 
-H  .15 

.20 

—  .15 
+2.00 

]2.25 

17.70 

18.45 

4.75 

3.25 

3.10 

2.90 

1.95 

3.00 

4.40 

2.70 

1.75 

1.90 

1.65 

1.90 

2.45 

2.40 

1.50 

1.30 

.90 

.80 

.80 

.80 

.50 


Aug. 


Sept. 


0.45 
.50 
1.40 
1.70 
.75 
.40 
.20 
.15 
.15 
.10 
.05 
.05 
.30 
.25 
.05 
.10 
.10 
.10 

—  .10 

—  .25 

—  .30 

—  .30 

—  .30 

—  .80 
+1.00 

—  .10 

—  .30 

—  .30 

—  .30 

—  .36 

—  .40 


—0.40 

—  .60 

—  .60 

—  .60 

—  .60 

—  .60 

—  .60 

—  .55 

—  .55 

—  .50 

—  .50 

—  .65 

—  .60 

—  .60 

—  .60 

—  .66 

—  .65 
-.65  ' 

—  .65  ' 

—  .65  I 
-.50  i 

—  .16  I 
.40 
.60 
.10 
.40 
.40 
.20 
.45 
.30 


+ 


Oct. 


0.20 
.10 
.05 

-  .20 

-  .30 

-  .35 

•  .40 

-  .50 

-  .50 

-  .50 

-  .60 

•  .60 

-  .55 

-  .55 

-  .55 

-  .56 

-  .55 

-  .55 

-  .55 

-  .55 

-  .55 

-  .50 

-  .23 

-  .05 

-  .05 
.10 
.15 
.25 
.90 
.65 
.50 


Nov. 


0.50 

.50 

.65 

1.13 

1.60 

1.35 

1.20 

1.10 

1.00 

1.05 

1.05 

1.60 

3.80 

4.60 

2.60 

1.50 

1.00 

.80 

.60 

.60 

.40 

.40 

.30 

.25 

.30 

.20 

.20 

.20 

.20 

.20 


Deo. 


0.66 
1.20 
1.70 
3.20 
2.30 

i.ao 

1.15 
1.00 
1.00 
1.00 
.90 
.70 
.60 
.65 
.70 
.65 
.65 
.65 
.65 
.05 
.60 
.56 
.50 
.50 
.45 
.45 
.40 
.36 
.36 
.30 
.26 


Chattahoochee  Biver  at  Westpoint,  Georgia^  for  1896. 


Day. 

Aug. 

Sept 

Oct. 

Nov. 

Deo.  1 

1 

Day. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

2.70 
8.90 
4.50 
6.00 
5.50 
6.00 
8.65 
3.20 
2.75 
2.60 
2.20 
2.00 
1.85 
1.70 
1.60 
1.60 

1.30 

1.20 

I.IO 

1.06 

1.00 

1.00 

1.00 

1.05 

1.10 

1.05 

.95 

.86 

.86 

.90 

.90 

.86 

4.10 
4.00 
3.00 
2.60 
2.40 
2.00 
1.00 
1.50 
1.3d 
1.25 
1.25 
1.20 
1.15 
1.15 
1.16 
1.15 

1.70 
2.00 
8.25 
8.00 
9.20 
7.60 
5.50 
4.30 
3.46 
2.80 
2.00 
2.15 
6.30 
6.00 
4.60 
8.80 

4.20 
4.00 
3.75 
3.60 
3.40 
3.20 
3.10 
3.10 
3.06 
8.00 
2.90 
2.80 
2.66 
2.50 
3.00 
3.10 

17 

1.60 
1.65 
1.50 
1.45 
1.40 
1.40 
1.30 
1.2U 
3.00 
2.00 
1.80 
1.75 
1.60 
1.50 
1.40 

0.H5 

.80 

.80 

.80 

.80 

3.  .'to 

3.00 

2.50 

2.00 

1.70 

1.60 

1.40 

3.60 

4.20 

1.10 
1.10 
1.10 
1.10 
1.15 
1.10 
1.50 
1.76 
1.75 
1.70 
1.65 
1.60 
1.50 
1.50 
1.45 

3.00 
2.60 
2.66 
2.40 
2.25 
2.25 
2.20 
2.20 
2.90 
1.90 
1.80 
2.00 
4.00 
4.30 
...... 

3.00 
3.00 
2.90 
2.80 
2.70 
2.60 
2.40 
2.20 
2.15 
2.10 
2.10 
2.06 
2.00 
1.96 
1.90 

2 

18 

8 

19 

4 

20 

21 

6 

6 

22 

7 

23 

8 

9 

10 

24 

.  25 

26 

11 

27 

12 

.  28 

18 

29 

14 

80 

16 

31 

16 

n^vB.]       QAOE   HEIGHTS   ON   GULF   OF   MEXICO   WATERSHED. 
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Etowah  River  ^  at  Canton,  Georgia,  for  1892. 


Day. 

Mar. 

Apr. 

1 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

1 

1.00 
1.00 
1.00 
1.00 
1.00 
9.00 
17.80 
11.80 
4.00 
3.00 
2.00 
2.00 
2.20 
2.20 
2.20 
2.20 
2.10 
1.80 
1.70 
5.40 
2.30 
1.90 
2.20 
2.00 
2.00 
1.60 
1.40 
1.10 
1.00 
1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.50 

1.10 

1.00 

.90 

.80 

.80 

.90 

1.20 

1.80 

i.oe 

.90 
.90 
1.00 
.90 
.90 
.80 
.80 
.80 
.80 
.80 
.80 

0.80 

.80 

2.00 

3.80 

1.00 

1.50 

.80 

.80 

.60 

.60 

.60 

.60 

.60 

.50 

.40 

.40 

.40 

.40 

.60 

1.80 

1.40 

1.00 

1.00 

.80 

.70 

1.70 

1.00 

2.00 

1.00 

1.00 

1.00 

.80 

.70 

.70 

2.00 

2.00 

1.50 

1.00 

.80 

2.40 

5.20 

5.60 

3.00 

1.80 

1.80 

1.00 

.80 

.60 

.50 

.60 

.50 

.70 

.70 

.60 

.60 

.60 

.50 

.40 

.40 

.30 

.30 

0.80 
.30 
.80 
.30 
.30 
.80 
.30 
.20 
.20 
.20 
.20 
.20 
.20 
.90 
.20 
.10 
.20 
.80 
.60 
.60 
.60 
.70 
.90 
1.60 
1.50 
1.00 
1.00 
.80 

'        .60 
.60 

0.80 
.60 
.40 
.30 
.20 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.20 

1.00 
.80 
.60 
.50 
.40 
.30 
.20 
.20 
.20 
.20 
.20 
.10 
.10 
.10 
.10 
.10 
.10 

0.10 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.10 
.10 
.10 
.10 
.10 

0.10 

.10 

.10 

.10 

.10 

.10 

.10 

.20 

1.00 

3.00 

1.00 

.50 

.40 

.30 

2.00 

1.00 

.60 

2.00 

1.00 

.80 

.60 

.40 

.40 

.30 

.20 

.20 

.20 

.80 

.20 

.20 

0.20 

2 

■■•••••■ 

.20 

3 

.20 

4 

.20 

5 

.20 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

l.OU 

.60 

.40 

2.00 

1.50 

1.00 

6 

7 

8 

0 ;....:::-: 

10 

11 

12 

1.10 

1.00 

.90 

.90 

.90 

.80 

1.40 

.90 

.90 

.90 

.80 

.80 

1.20 

1.40 

6.00 

5.00 

2.40 

1.80 

1.40 

1.40 

13 

14 

15 

16 

17 

18 

19 

ao 

21 

22 

23 

.60 

24 

.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 

25 

26 

27 

28 

» 

30 

81 

1 

Etowah  Mver  ^  at  Canion,  Georgia,  for  1S9S. 


Bay. 


1. 

2. 

3 

4. 

5. 

6. 

7. 

8 

9. 
10. 
11 
12 
13. 
14 
15. 
16 
17. 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 

ao 

31 


Jan. 


0.30 
1.00 
.00 
.50 
.40 
.30 
.30 
.30 
.80 
.30 
.30 
.30 
.40 
.40 
.40 
.30 
.30 
.30 
.50 
.50 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.60 
1.60 
1.40 
1.00 


Feb. 

Mar. 

0.60 

2.00 

.50 

1.00 

.40 

1.00 

.40 

1.00 

.40 

1.00 

.80 

1.00 

.30 

1.00 

.30 

1. 00 

.30 

4.80 

.20 

2.00 

2.00 

1.20 

2.20 

1.60 

4.20 

1.30 

3.00 

1.00 

3.00 

1.00 

12.00 

1.00 

5.00 

.80 

3.00 

80 

2.00 

.70 

1.60 

.70 

1.40 

.60 

1.30 

.50 

1.00 

.40 

1.00 

.80 

1.00 

1.40 

.80 

1.00 

.80 

1.00 

3.00 

.80 

.80 

.80 

.80 

Apr. 

May. 

June. 

0.80 

0.30 

0.60 

.70       .30 

2.00 

.70  '    .90 

5.60 

.70 

1.20  1  2.00 

.70 

.90  ,  1.00 

.70 

.90 

3.00 

.70 
.60 
.60 
.60 
.50 
.50 
.50 
.60 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 


2.00 

1.00 

2.00 

1.00 

.90 

.80 

.70 

.70 

.60 

1.00 

.90 

.80 

.80 

.70 

.60 

.60 

.50 

.40 

.40 

.40 

.40 

.40 

.90 

1.60 

1.00 


3.80  I 

2.00  ' 

1.00  ' 

.60 

.60 

.60 

.60 

.50 

.50 

.50 

.50 

.40 

.40 

3.00 

1.00 

.80 

2.60 

1.00 

.80 

.80 

.70 

.60 

.60 

.60 


July. 

Aug. 

0.60 

0.10 

1.00 

.50 

.60 

.30 

.50 

.20 

.50 

.80 

.40 

.60 

.40 

.40 

.40 

.30 

.40 

.30 

.40 

.30 

.40 

.30 

.30 

.ao 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

.20 

.30 

.10 

.30 

.10 

.30 

.10 

1.00 

.10 

.80 

.00 

.60 

.00 

.50 

.00 

.40 

—.10 

.30 

—.10 

.20 

-.10 

.10 

—.10 

.10 

—.10 

.10 

Sept. 


1.00 

.80 

.60 

.40 

.20 

.00 

.00 

.00 

.10 

1.00 

3.00 

4.00 

3.80 

1.50 

1.00 

.50 

.30 

.10 

.10 

.10 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

—.10 

-.10 

—.10 


Oct. 


0.00 
^  .00 
.00 
.00 
-.10 
-.10 
—.10 
-.10 
—.10 
—.20 
—.20 
—.20 
—.20 
—.20 
—.20 
—.20 
—.20 
-.20 
—.20 
—.20 
—.20 
—.20 
—.20 
—.20 
—.20 
—.20 
—.20 
—.20 
—.20 
h-.20 
—.20 


Nov. 


—0.20 

-  .20 
■  .20 

-  .20 

-  .20 

-  .20 

-  .20 

-  .20 

-  .20 

-  .20 

-  .20 
.  .20 

-  .20 

-  .20 

-  .20 

-  .20 

-  .20 

-  .20 

-  .20 

-  .20 

-  .20 

-  .20 
.00 
.00 
.00 
.00 
.00 
.00 

-  .20 
.20 


Dec. 


0.10 
.10 
.10 
.40 
.40 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.10 
.00 
.00 
.20 
.20 
.20 
.20 
.20 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.20 
.20 


1  From  United  Statea  Weather  Bureau  records. 
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UIVER   HEIGHTS   FOR   1896. 


[NO.  11. 


Etotoah  River  >  at  Canton,  Georgia,  for  1894, 


Day. 

Jan. 

1  Feb. 
0.50 

M«r. 
0.80 

Apr. 
0.70 

May. 

Jone. 

July. 

A.ag. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

0.20 

0.60 

0.50 

0.60 

0.60 

0.60 

0.60 

0.50 

0.50 

2 

.20 

.50 

.80 

.70 

.60 

.50 

.60 

.60 

.50 

.60 

.60 

.50 

3 

.20 

.50 

.80 

.70 

.60 

.50 

.60 

.50 

.50 

.60 

.50 

.50 

4 

.20 

.50 

.80 

.70 

.60 

.50 

.60 

1.50 

.50 

.60 

.60 

.60 

6 

.20 

.50 

.80 

.80 

.60 

.50 

.60 

.50 

.50 

.60 

.50 

.50 

6 

.20 

.50 

.80 

.80 

.60 

.50 

.60 

.50 

.50 

.60 

.60 

.50 

7 

2.00 

.50 

80 

.80 

.60 

.50 

.60 

.50 

.50 

.60 

.60 

.50 

8 

1.00 

.50 

.80 

.80 

.60 

.40 

.60 

.50 

.50 

.60 

.50 

.50 

9 

1.00 

1.50 

.70 

.80 

.60 

.40 

.60 

.50 

.50 

.60 

.50 

.60 

10 

1.80 

1.00 

.60 

.80 

.60 

.30 

.60 

.50 

.50 

.60 

.60 

1.00 

11 

2.00 

.80 

.50 

1.80 

.60 

.20 

.6U 

.50 

.50 

.60 

.50 

2.00 

12 

1.00 

1.00 

.50 

.80 

.6p' 

.20 

.60 

.50 

.50 

.60 

.40 

7.50 

13 

1.00 

].00 

.40 

.80 

.60 

.20 

.60 

.50 

.50 

.60 

.40 

2.00 

U 

.80 

1.00 

.40 

.80 

.60 

.20 

.50 

.50 

.50 

.60 

.40 

1.00 

15 

1.80 

1.00 

.40 

.70 

.80 

.20 

.50 

.50 

.50 

.60 

.60 

.60 

16 

1.00 

1.00 

.40 

.60 

.80 

.20 

.50 

.50 

.50 

.60 

.50 

.60 

17 

.80 

1.00 

.40 

.50 

.80 

.20 

.50 

.40 

.50 

.60 

.60 

.60 

18 

.60 

1.00 

.40 

.50 

.80 

.90 

1.00 

.40 

5.20 

.60 

.60 

.60 

10 

.60 

1.50 

.40 

.60 

.80 

.80 

l.OU 

.40 

1.20 

.60 

.50 

.60 

20 

.80 

1.50 

.40 

.80 

.60 

.60 

l.-OO 

.40 

1.00 

.60 

.50 

.60 

21 

.80 

1.00 

2.00 

.80 

.60 

.60 

.50 

.40 

.60 

.60 

.50 

.60 

22 

.80 

.80 

1.80 

.80 

.60 

.60 

8.00 

.40 

.60 

.60 

.50 

.60 

28 

.80 

.80 

.80 

.60 

.60 

.60 

1.00 

.40 

.60 

.60 

.50 

.60 

24 

.80 

.80 

.80 

.60 

.60 

.60 

.50 

.40 

.60 

.60 

.60 

.60 

25 

.80 

.80 

.80 

.60 

.60 

.60 

.50 

1.00 

.60 

.50 

.50 

.60 

26 

.60 

.80 

.80 

.60 

.60 

.60 

.60 

2.40 

.50 

.50 

.50 

.60 

27 

.50 

.80 

.80 

.60 

.60 

.60 

.50 

1.00 

.50 

.50 

.50 

1.80 

28 

.60 

.80 

.80 

.60 

.60 

.60 

.50 

.51 

.60 

.60 

.50 

1.80 

29 

.50 

.80 

.60 

.50 

.60 

.50 

.50 

.60 

.50 

.60 

.80 

30 

.50 

.80 

.60 

.50 

.60 

.50 

.50 

.60 

.60 

.60 

.80 

81 

.50 

.80 

.50 

.60 

.60 

.80 

Etoivah  Biver  ^  at  Canton,  Georgia^  for  1895. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

Hay. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

0.80 

1.00 

1.00 

1.00 

1.40 

1.00 

2.00 

0.60 

0.80 

0.40 

0.10 

0.30 

2 

.80 

1.00 

1.00 

1.00 

1.60 

1.00 

1.00 

.60 

.80 

.40 

.10 

.30 

3 

.80 

1.00 

2.00 

1.00 

1.00 

.80 

l.OO 

.60 

.80 

.40 

.10 

.30 

4 

.80 

1.00 

2.00 

1.00 

1.00 

.80 

1.00 

.60 

.80 

.40 

.10 

.30 

6 

.80 

1.00 

2.00 

1.00 

1.00 

.80 

1.00 

.50 

.80 

.40 

.10 

.30 

6 

.80 

1.00 

1.00 

1.00 

1.00 

2.00 

.80 

.50 

.80 

.30 

.00 

.30 

7 

.80 

1.00 

1.00 

1.50 

1.00 

1.00 

1.00 

.50 

.80 

.30 

.00 

.30 

8 

.80 

1.00 

1.00 

4.50 

1.00 

1.00 

2.50 

2.00 

.80 

.30 

.00 

.30 

9 

7.60 

1.00 

1.00 

2.00 

1.00 

1.00 

2.00 

.80 

.80 

.30 

.00 

.40 

10 

15.50 

1.00 

1.00 

1.60 

1.00 

1. 00 

1.00 

.80 

.80 

.30 

.00 

.50 

11 

9.80 

1.00 

1.00 

1.40 

1.00 

.80 

1.00 

.80 

.80 

.30 

.00 

.50 

12 

8.00 

1.00 

1.00 

1.40 

1.00 

1.00 

.80 

.80 

.80 

.80 

.60 

.60 

18 

1.50 

1. 00 

2.00 

1.20 

.80 

1.00 

.80 

.80 

.80 

.30 

.60 

.50 

14 

1.00 

1.00 

3.50 

1.20 

.80 

1.00 

.80 

2.00 

.80 

.30 

.50 

.50 

16 

1.00 

1.00 

4.00 

1.20 

.80 

.80 

.80 

1.00 

.80 

.30 

.50 

.50 

16 

1.20 

1.00 

6.00 

1.20 

.80 

.80 

.80 

3.60 

.80 

.30 

.50 

.50 

17 

1.80 

1.00 

3.00 

6.00 

.80 

1.00 

.70 

10.50 

.80 

.30 

.50 

.60 

18 

1.00 

1.00 

2.00 

3.00 

.80 

.80 

.90 

2.50 

.80 

.30 

.50 

.50 

19 

1.00 

1.00 

1.60 

1.50 

.80 

.80 

.60 

1.50 

.80 

.20 

.50 

.50 

20 

1.00 

1.00 

2.40 

1.50 

.70 

.80 

.60 

1.00 

.80 

.20 

.40 

.50 

21 

2.00 

1.00 

5.60 

1.40 

.70 

.80 

.60 

1.00 

.70 

.20 

.40 

1.00 

22 

2.00 

1.00 

2.80 

1.40 

.70 

.80 

.60 

1.00 

.70 

.20 

.40 

1.00 

23 

1.00 

1.00 

2.00 

1.40 

1.00 

.80 

.60 

1.00 

.60 

.20 

.40 

.60 

24 

1.00 

1.00 

2.00 

1.30 

1. 00 

.80 

.60 

1.00 

.60 

.20 

.40 

.60 

25 

1.00 

1.00 

2.00 

1.20 

2.80 

.80 

1.00 

1.00 

.60 

.10 

\    .40 

.60 

26 

2.00 

1.00 

1.80 

1.20 

2.80 

.80 

.80 

.80 

.80 

.10 

.40 

.60 

27 

1.00 

1.00 

1.40 

1.60 

3.00 

.70 

.80 

.80 

.00 

.10 

.40 

.60 

28 

1.00 

1.00 

1.00 

1.00 

2.00 

.70 

.60 

.80 

.60 

.10 

.40 

.60 

29 

2.00 

1.00 

1.40 

2.00 

.70 

.60 

.80 

.60 

.10 

.40 

.60 

30 

1.00 

1.00 

1.40 

1.60 

2.00 

.60 

.80 

.50 

.10 

.40 

.00 

31 

1.00 

1.00 

1.00 

.60 

.80 

...... 

.10 

.60 

iFrom  United  States  Weather  Bureau  records. 
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Siawdk  Eiv^  qt  CantaUf  Georgia,  for  1896. 


Day. 

Jan. 

Feb. 

Mar. 

Sept. 

Oct. 

0.00 

—  .20 

—  .80 

—  .80 

—  .40 

—  .40 

—  .50 

—  .60 

—  .60 

—  .80 
.30 

—  .40 
-.20 

—  .80 

—  .40 

—  .40 

—  .40 

—  .40 

—  .40 

—  .60 

—  .60 

—  .50 

—  .50 
.OU 

—  .10 

—  .10 

—  .10 
+1.12 

I.IO 

1.00 

.00 

Nov. 

Deo. 

1 

0.60 

.60 

.60 

.00 

.60 

.60 

.60 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

1.00 

.80 

.80 

.80 

.80 

1.00 

8.80 

6.80 

3.00 

2.U0 

2.00 

2.00 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

2.00 

3.00 

8.00 

3.50 

2.00 

1.80 

1.80 

1.80 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00  < 

1.00 

.80 

.80 

.80 

.80 

.60 

.60 

.60 

.60 

0.60 
.50 
.60 
.50 
.60 
.60 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.70 
.80 
.80 
.70 
1.00 
1.00 
1.00 
.80 
.80 
.80 
.60 
.00 
.60 
.60 
.60 
.60 
al.00 

'116.'65 

—  .60 

—  .60 

—  .65 

—  .70 

—  .75 

—  .60 

—  .56 

—  .65 

—  .75 

—  .75 

—  .75 

—  .76 

—  .60 

—  .10 

—  .30 

—  .40 

—  .60 

—  .60 

—  .60 

—  .60 

—  .70 

0.00 

—  .10 

—  .10 
.00 

+2.80 
.80 
.60 
.60 
.40 
.40 
.40 
.00 
8.60 
1.00 
.70 
.70 
.40 
.20 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
1.00 
1.40 
1 

LOO 
LOO 
.60 
.30 
.30 
.20 
.10 
.10 
.10 
.10 
.10 
.00 
.00 
.00 
.20 
.40 
.20 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

—  .10 

—  .10 

—  .10 

—  .10 

2 

3 

4 

6 

6 

7 

8 

g 

10 

11 

12 

13 

14 

15 

16 

17 

19 

21 

22 

23 

25 

27 

28 

20 : 

81 

a  Weather  Bnreau  dlaoontinaed  obaervations  March  31, 1896 ;  Geological  Survey  began  observatioiia 
September  9, 1806. 

Cooeawattee  River  at  Cartere,  Georgia, 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 


Ang. 


Sept. 


0.76 
.75 
.76 
.70 
.70 
.65 
.66 
.60 
.60 
.65 
.70 
.65 
.60 
.66 
.66 
.66 


Oct. 


Nov. 


L26 
LIO 
LOO 
.95 
.05 
.90 
.80 
.70 
.60 
.50 
.60 
.80 
.90 
.80 
.76 
.70 


0.80 

.85 

LOO 

L06 

3.10 

L25 

1.00 

LOO 

.90 

.90 

6.05 

3.60 

2.60 

L40 

LOO 

.90 


X^9C« 


Day. 


2.50 
2.25 
2.00 
2.00 
LOO 
1.80 
1.80 
L76 
L65 
L60 
L50 
L40 
L4o 
L35 
2.50 
2.60 


17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
80 
31 


Aug. 

Sept. 

Oct. 

0.95 

0.60 

0.65 

.90 

.50 

.60 

.85 

.46 

.60 

.80 

.50 

.65 

.80 

.50 

.55 

.80 

.55 

.60 

.75 

.66 

.80 

.95 

.76 

L30 

.95 

.66 

.95 

.95 

.60 

.60 

.90 

.60 

.60 

.90 

.56 

.70 

.85 

LOO 

L25 

.85 

L40 

.90 

.80 

.80 

Nov. 


0.05 

.90 

.90 

.90 

.85 

.85 

.85 

.90 

LOO 

LOO 

.95 

L25 

L26 

3.60 


X^9C« 


2.35 
2.20 
2.05 
2.00 
L85 
L85 
1.80 
1.70 
1.60 
L50 
L50 
1.46 
L40 
L40 
L85 
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BIVEB   HEIGHTS   FOR    1896. 


(NOIL 


Oostanaula  Biver  at  Reaaoa,  Georgia^  for  189t. 


Day. 


I-iw 

6.00 
5.60 

3 

6.30 

4 

6.10 

5 

5.00 

e 

17.20 

7 

28.70 

8 

32.00 

9 

30.70 

10 

28.10 

11 

24.40 

12 

18.30 

13 

10.20 

14 

8. 10 

16 

8.70 

la 

7.70 

17 

7.00 

18 

6.90 

19 

6.70 

20 

8.40 

21 

8.00 

22 

6.90 

23 

7.50 

24 

6.90 

25 

6.30 

26 

0.00 

27 

5.70 

28 

5.60 

29 

5.80 

80 

6.60 

81 

Apr. 


May. 


6.80 
5.50 
5.30 
5.10 
5.00 
4.8U 
4.70 
4.70 
4.60 
4.60 
5.50 
5.60 
4.80 
4.50 
4.40 
4.20 
4.20 
4.20 
6.50 
6.00 
5.10 
5.10 
5.30 
4.70 
4.40 
4.20 
4.10 
4.00 
4.00 
3.90 
3.90 


June. 


8.80 
8.90 
4.60 
10.70 
7.50 
6.60 
5.70 
5. 00 
5.60 
6.70 
5.60 
6.00 
4.30 
4.10 
3.80 
3.70 
3.60 
8.60 
3.60 
4.30 
5.20 
6.50 
6.40 
4.60 
4.50 
5.80 
4.60 
7.70 
6.60 
4.40 


July. 


4.00 
4.00 
3.70 
3.60 
4.20 
9.80 
8.70 
7.30 
5.40 
9.20 
13.70 
13.50 
12.50 
10. 10 
8.50 
7.50 
6.30 
6.00 
5.20 
6.80 
5.70 
5.50 
6.U0 
4.60 
4.30 
4.20 
4.30 
8.80 
3.70 
3.70 
3.60 


Aug. 

Sept. 

Oct. 

3.50 

4.60 

2.30 

3.50 

8.60 

2.20 

4.00 

3.00 

2.20 

8.70 

3.00 

2.20 

3.30 

2.90 

2.20 

3.00 

3.00 

2.20 

3.10 

3.00 

1.90 

3.00 

2.80 

1.90 

3.00 

2.70 

2.30 

3.40 

2.70 

2.20 

3.70 

2.60 

2.10 

3.20 

2.50 

2.10 

3.r«o 

2.50 

2.10 

3.20 

3.10 

2.10 

3.00 

2.90 

2.10 

2.W> 

2.70 

2.00 

2.80 

2.50 

2.00 

3.10 

2.50 

2.00 

3.30 

2.50 

2.00 

3.20 

2.60 

1.00 

3.30 

2.90 

1.90 

3.10 

5.00 

1.90 

7.10 

5.20 

1.90 

9.40 

3.20 

1.90 

6.00 

2.90 

1.90 

4.60 

2.70 

1.90 

4.80 

2.60 

1.90 

4.40 

2.50 

1.90 

4.00 

2.40 

1.90 

3.90 

2.30 

1.90 

4.60 

1.90 

Nov. 


Dec. 


1.90 
1.90 
2.20 
3.60 
4.00 
3.00 
2.40 
3.60 
4.60 
11.40 
10  00 
6.90 
4.30 
3.70 
6.60 
7.80 
6.20 
5.90 
7.20 
6.70 
4.50 
4.10 
3.90 
3.70 
3.60 
3.30 
8.20 
8.30 
3.90 
8.70 


2.10 
2.10 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
1.90 
2.20 
2.60 
3.00 
5.60 
6.00 
7.00 
10.00 
8.00 
5.60 
4.00 
3.60 
3.40 
3.00 
2.90 
2.60 
2.50 
2.30 


Oo9tanaula  Biver  at  Besaca,  Georgia^  for  189$. 


Day. 


1.. 

2.. 

3.. 

4.. 

5.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11.. 
12.. 
13.. 
14... 
15.. 
16.. 
17... 
18... 
19... 
20.. 
21... 
22... 
23... 
24... 
25.. 
26.. 
27... 
28.. 
29... 
30... 
31... 


Jan. 


3.70 
4.80 
4.70 
4.40 
4.00 
8.70 
3.60 
8.60 
8.40 
3.40 
3.00 
3.00 
3.30 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
8.00 
3.00 
8.60 
4.40 
4.80 
4.80 
4.60 
6.20 
6.60 
6.10 


Feb. 


4.60 

4.30 

4.00 

4.10 

4.00 

4.00 

4.00 

4.20 

4.00 

3.80 

9.00 

13.00 

14.10 

15.50 

12.20 

18.90 

20.90 

20.10 

18.80 

16.80 

13.60 

7.90 

7.10 

6.40 

5.90 

5.50 

5.20 

6.90 


Mar. 


7.80 
6.30 
5.60 
6.00 
7.20 
6.00 
5.50 
5.20 
10. 60 
13.  30 
9.00 
8.20 
7.80 
6.70 
6.00 
5.40 
6.20 
5.10 
5.00 
4.80 
4.60 
4.50 
4.50 
4.70 
7.70 
6.30 
6.00 
4.70 
4.60 
4.80 
4.60 


Apr.  May.  June 


4.30 
4.20 
4.00 
4.00 
4.20 
4.80 
5.10 
4.40 
4.10 
4.00 
3.90 
3.90 
3.80 
5.00 
7.80 
6.40 
4.60 
4.30 
4.10 
4.40 
5.50 
5.10 
4.30 
4.00 
3.80 
3.90 
4.00 
4.20 
4.30 
3.80 


3.70 
3.60 
7.00 
14.50 
13.50 
13.40 
8.70 
7.20 
6.20 
5.90 
5.30 
4.80 
4.50 
4.40 
4.20 
4.70 
5.30 
4.80 
4.40 
4.00 
3.80 
3.70 
3.60 
3.60 
3.50 
3.40 
3.30 
3.70 
4.90 
7.90 
6.70 


4.40 
7.20 
7.90 
7.20 
5.00 
7.90 
,15. 10 
|l2.20 
7.70 
6.00 
5.20 
4.70 
4.40 
4.30 
4.10 
4.00 
3.90 
3.80 
3.80 
3.90 
4.80 
4.50 
6.70 
5.50 
4.20 
3.90 
3.80 
3.70 
3.40 
3.20 


July. 


3.20 
3.20 
3.80 
3.70 
3.30 
3.00 
3.00 
2.00 
3.30 
3.00 
2.90 
2.80 
2.70 
2.60 
2.50 
2.70 
2.50 
2.50 
2.40 
2.60 
2.60 
3.60 
3.20 
2.60 
2.40 
2.30 
2.30 
2.30 
2.80 
2.20 
2.30 


Aug.  I  Sept. 


2.40 
2.40 
2.50 
2.40 
4.80 
3.20 
3.50 
3.20 
2.90 
2.50 
2.30 
2.20 
2.  .30 
2.80 
3.20 
2.80 
2.60 
2.30 
2.20 
2.10 
2.00 
1.90 
1.90 
1.90 
1.80 
1.70 
1.70 
1.80 
1.80 
1.70 
1.60 


2.30 
8.60 
2.30 
2.00 
1.90 
1.80 
1.70 
1.80 
1.90 
2.10 
2.90 
4.40 
5.60 
5.20 
4.40 
3.20 
2.60 
2.30 
2.10 
2.10 
2.00 
1.90 
1.90 
1.80 
1.60 
1.80 
1.80 
1.80 
1.70 
1.70 


Ck)t. 


Nov. 


1.70 
1.70 
1.70 
1.70 
2.00 
1.80 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.7U 
1.60 
1.60 
1.60 
1.60 
1.60 
1.80 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.50 
1.60 
1.40 


1.40 
1.40 
1.50 
1.60 
1.60 
1.60 
1.50 
1.50 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.60 
2.00 
2.00 
1.80 
1.70 
1.70 
1.70 
1.70 
2.20 
2.00 


Dec. 


1.90 
1.80 
1.80 
4.00 
3.80 
3.00 
2.40 
2.00 
1.90 
1.90 
1.00 
1.80 
1.80 
1.80 
l.bO 
1.90 
2.20 
2.80 
2.50 
2.20 
2.00 
1.90 
1.80 
1.80 
1.70 
J. 60 
1.60 
1.60 
1.60 
2.60 
3.90 
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Ooatanaula  River  at  Jiesaca,  Georgia,  for  1894, 


Day. 

Jan. 
3.40 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

1 

3.20 

8.10 

3.70 

2.90 

2.40 

1.70 

2.10 

1.00 

LOO 

2.10 

L30 

2 

2. 90     3. 00 

7.60 

3.80 

2.80 

2.30 

1.90 

2.00 

1.80 

LOO 

LOO 

1.30 

3 

2. 50  '  3.  20 

6.80 

4.60 

2.80 

2.20 

1.80 

2.10 

1.70 

1.00 

L70 

1.30 

4 

3.30  ,  7.90 

5.80 

4.30 

2.90 

2.10 

1.70 

1.80 

1.50 

LOO 

LtfO 

L30 

5 

2. 20     9.  90 

5.20 

4.40 

2.9U 

2.00 

1.60 

2.80 

1.40 

LOO 

L50 

1.30 

6 

2.30   10.10 

4.70 

4.30 

2.80 

2.00 

1.50 

2.10 

1.40 

LOO 

L30 

L30 

7 

2. 00     6.  50 

4.80 

3.90 

2.70 

2.00 

1.50 

1.80 

1.30 

LOO 

L20 

1.30 

8 

6.00     4.80 

5.20 

3.60 

2.60 

2.00 

2.0U 

1.60 

1.30 

LOO 

LIO 

1.30 

9 

4. 60     6. 30 

4.60 

3.50 

3.10 

LOO 

1.70 

1.60 

1.70 

LIO 

LIO 

L30 

10 

5.  70     0. 30 

4.00 

3.00 

3.10 

1.90 

1.60 

1.50 

1.90 

LIO 

1.10 

1.80 

11 

7.00  '  7.00 

3.90 

6.90 

3.10 

1.90 

1.50 

1.50 

1.60 

LIO 

LIO 

4.10 

12 

6. 50  ,  5.20 

5.30 

6.40 

2.90 

1.80 

1.50 

1.50 

1.50 

HO 

LIO 

ILOO 

13 

5. 10     9.  60 

8.10 

5.00 

4.40 

1.80 

1.40 

1.50 

1.40 

LIO 

LOO 

13.  8U 

14 

4.10 

8.20 

7.60 

4.40 

5.00 

1.80 

1.30 

1.50 

1.40 

LIO 

L30 

0.20 

15 

3.60 

6.50 

5.00 

4.10 

6.10 

1.80 

1.30 

1.40 

1.3U 

LOO 

L30 

4.50 

1« 

5. 90     6. 20 

4.80 

3.90 

4.50 

1.80 

1.30 

1.60 

1.30 

LOO 

L30 

3.40 

17 

6.80  1  5.30 

5.90 

3.70 

3.50 

1.70 

1.90 

1.50 

1.20 

LOO 

L20 

3.00 

18 

5.30 

4.90 

5. 40  ,  3. 60 

3.20 

1.90 

2.70 

1.50 

2.10 

LOO 

1. 20 

3.00 

1» 

4.30 

0. 30     4. 60 

3.60 

3.10 

2.10 

2.50 

1.80 

3.70 

.90 

1.20 

2.70 

20 

3.80 

6. 70  1  4.  30 

4.20 

3.90 

2.70 

2.70 

2.40 

2.00 

.90 

L20 

2.40 

21 

3.60     6.10  1  7.20 

4.60 

3.30 

2.20 

2.90 

2.20 

J. 80 

.90 

L20 

2.30 

22 

4.70     5.50  JO.  00 

4.00 

3.20 

2.10 

3.00 

2.00 

1.60 

.80 

L20 

2.20 

23 

4.60 

5.00  i  7.30     3.50 

3.20 

2.10 

3.50 

2.10 

1.50 

.80 

L20 

2.10 

24 

3.00 

4. 60     5.  80 

3.40 

8.20 

2.00 

2.50 

l.BO 

1.40 

.80 

L30 

2.10 

25 

3. 90     4.  40 

5.20 

3.30 

3.10 

1.90 

2.10 

1.00 

1.20 

.80 

LOO 

2.00 

26 

4. 30     5. 60 

4.  80  i  3. 20 

2.80 

2.50 

2.00 

2.80 

1.20 

.80 

L60 

2.10 

27 

3.80  ,  6.60 

4.  30     3. 00 

2.70 

2.60 

1.90 

3.40 

1.10 

.80 

L40 

13.20 

28 

3.50  1  7.70 

4.00 

3.20 

2.60 

2.50 

2.30 

2.60 

1.10 

.80 

L30 

12.60 

29 

3.10    

3.00 

3.00 

2.50 

2.00 

2.60 

4.60 

1.00 

.80 

1.30 

8.70 

30 

3.20    1  3.90 

3.00 

2.50 

1.80 

2.40 

3.20 

1.00 

L20 

L30 

4.20 

31 

3.20    3.80    

2.40 

2.20 

2.30 

1.70 



3.90 

Ooitanaula  Biver  at  Reeaca,  Georgia,  for  1895. 


Day. 

Jan. 

1 
Feb.  \  Mar. '  Apr. 

May. 
5.20 

Jane.  July. 

1 

Ang. 

Sept. 

Oct. 

Nov. 

1 
Dec. 

1 

3.50 

7.00     4.70  :  5.80 

4.10 

8.00 

2.60 

2.90 

1.90 

3.50 

2.10 

2 

3.80 

6.90  ;  4.70  1  5.20 

4.70 

4.00 

5.20 

2.40 

2.80 

1.90 

8.00 

2.10 

3 

3.40 

10.20  !l2.30  '  5.30 

4.60 

3.80 

4.90 

2.30 

2.80 

LOO 

2.70 

2.30 

4 

3.40 

8. 90  ,12. 00 

5.00 

4.30 

3.70 

4.70 

2.20 

2.80 

LOO 

2.20 

2.30    . 

5 

8.40 

7.20 

9.30 

4.70 

4.20 

3.70 

4.00 

2.20 

2.80 

LOO 

2.20 

2.20 

6 

8.40 

6.30 

6.50 

4.60 

4.30 

6.80 

3.90 

2.20 

2.80 

LOO 

2.20 

2.10 

7 

3.80 

6.40 

5.80 

5.60 

5.80 

4.80 

3.90 

2.40 

2.70 

1.90 

2.10 

2.10 

8 

8.80 

7.30 

5.70 

15.30 

6.00 

3.90 

8.00 

5.40 

2.60 

1.90 

2.10 

2  10 

9 

20.20 

5.20 

6.00 

13.30 

7.70 

3.70 

8.10 

3.80 

2.60 

2.10 

2.10 

2.30 

10 

23.20 

5.00     5.20  110.00 

7.70 

3.5U 

7.30 

3.40 

2.60 

2.00 

2.20 

3.00 

11 

25.80 

5. 00     4. 90 

6.70 

6.00 

3.40 

4.00 

2.80 

2.60 

1.90 

4.20 

2.90 

12 

26.00 

4. 90  i  5. 20 

5.50 

8.70 

3.60 

4.20 

4.30 

2.60 

2.00 

3.90 

2.80 

13 

22.70 

4.80  <  6.00 

5.50 

9.00 

3.80 

4.00 

3.70 

2.60 

2.00 

3.20 

2.50 

14 

14.90 

4.70   13.20 

5.20 

7.10 

3.50 

3.80 

3.60 

2.50 

2.00 

2.70 

2.40 

15 

6.50 

4.70  |13.80 

5.20 

6.00 

3.40 

3.60 

3.20 

2.40 

LOO 

2.40 

2.30 

16 

6.30 

4.70   12.40 

6.0O 

5.20 

3.40 

3.70 

3.40 

2.30 

LOO 

2.40 

2.30 

17 

8.10 

4.70 

11.50 

7.80 

4.80 

6.90 

4.00 

9.20 

2.50 

1.90 

2.30 

2.20 

18 

7.10 

4.40 

8.50 

6.30 

4.70 

5.70 

3.60 

7.50 

3.10 

L80 

2.20 

2.20 

19 

6.00 

4.40 

7.20 

5.70 

4.60 

4.20 

3.20 

5.60 

2.70 

1.80 

2.20 

2.20 

20 

5.50 

5.10   12.60 

5.20 

4. 40     3. 70 

3.00 

5.40 

2.50 

L80 

2.10 

2.20 

21 

13.40 

6.20    19.80 

4.90 

•  4.  20     3. 50 

3.00 

4.50 

2.30 

L70 

2.20 

3.50    1 

22 

12.80 

6.60   19.90 

4.80 

4.  20     3. 80 

3.00 

6.30 

2.20 

1.70 

2.10 

5.20    ; 

23 

9.90 

6.20  ,17.80 

4.70 

4.10 

3.70 

2.90 

4.60 

2.10 

L70 

2.10 

4.40    ' 

24 

7.70 

5.50  113.20 

4.50 

3.90 

3.20 

2.80 

4.00 

2.10 

1.70 

2.10 

3.50 

25 

6.40 

5. 00     7.  70     4. 50 

5.30 

3.10 

2.70 

3.80  1 

2.10 

L70 

2.10 

3.10 

26 

7.50 

4. 80     7. 50     5. 30 

6.10 

3.00 

3.20 

3.60 

2.10 

L70 

2.10 

3.10 

27 

7.60 

4. 70     6. 70     5.  70 

8.60 

2.90 

3.20 

3.30 

2.00 

1.70 

2.10 

3.60 

28 

6.30 

4.70 

6. 30     6. 30 

7.90 

2.80 

2.90 

4.80 

2.00 

1.80 

2.10 

4.60 

29 

8.00 

■•*••• 

5. 90     5. 80 

5.50 

2.80 

2.80 

3.70 

2.00 

2.50 

2.10 

4.20 

30 

8.90 

5.60 

4.80 

4.20 

2.70 

2.30 

1.90 

2.10 

2.10 

3.70 

81 

8.20 

4.30 

2.70 

3.00 

2.20 

6.20 

32 


RIVER   HEIGHTS   FOR    1896. 


[NO.  11. 


Coosa  River  ^  at  Lock  No.  4^  for  189S. 


Day. 

Jan. 

Feb. 

4.3 
4.1 
4.0 
3.8 
3.8 
3.7 
3.7 
3.9 
4.6 
4.8 
5.0 
4.7 
4.2 
3.8 
3.8 
3.9 
3.9 
4.0 
4.1 
3.9 
4.2 
5.3 
7.2 
8.4 
8.0 
6.6 
5.0 
4.6 
4.3 

Mar. 

Apr. 

6.8 

6.0 

5.5 

5.0 

4.7 

6.6 

20.8 

23.7 

23.4 

22.5 

22.3 

22.7 

23.0 

22.6 

21.6 

20.0 

18.4 

14.4 

8.5 

6.1 

6.0 

8.3 

8.4 

7.1 

6.1 

5.8 

5.3 

4.8 

4.6 

4.8 

May. 

June. 

July. 

1 
4.3 
3.4 
2.5 
2.1 
2.0 
2.1 
2.1 
3.3 
5.6 
6.4 
6.3 
8.7 
10.6 
10.9 
11.3 
9.4 
7.5 
6.0 
5.5 
8.1 
6.4 
6.3 
5.3 
5.3 
4.6 
3.8 
3.3 
3.0 
2.8 
2.5 
2.1 
1 

Ang. 

2.0 
1.0 
1.8 
1.8 
1.7 
1.7 
1.6 
1.5 
1.5 
1.4 
1.4 
1.6 
1.9 
1.7 
1.6 
1.5 
1.5 
1.5 
1.4 
1.0 
2.1 
2.3 
2.4 

"5.4" 
7.0 
6.8 
5.1 
4.2 
3.7 
3.2 

Sept. 

2.8 
2.4 
2.2 
1.8 
1.6 
1.4 
1.3 
1.2 
1.2 
1.1 
1.0 
.0 
1.0 
.9 
.9 
1.0 
3.3 
1.9 
1.3 
1.3 
1.0 
3.2 
5.5 
5.8 
4.1 
3.3 
2.3 
1.8 
1.5 

Oct. 

1.2 

1.2 

12 

1.0 

.0 

.0 

.8 

.8 

.7 

.7  1 

.7 

.8 

.8 

:? 

.8 
.8 
.8 
.7 
.5 
.5 
.5 

■X 

.5 
.4 
.5 
.5 
.5 
.4 
.4 

Nov. 

Dec. 

3.2 
2.8 
2.4 
2.4 
2.7 

1 

2 

3.3 

4.3 

5.8 

6.0 

5.2 

4.6 

4.2 

4.6 

5.0 

6.5 

5.8 

7.8 

16.3 

19.3 

19.7 

19.1 

18.8 

19.6 

21.5 

23.1 

23.4 

22.8 

22.1 

21.3 

20.0 

18.9 

16.6 

11.0 

6.7 

5.4 

4.5 

3.9 
3.8 
3.6 
3.5 
3.3 
3.2 
4.0 
5.8 
8.0 
9.8 
10.4 
9.5 
7.2 
5.8 
4.9 
4.5 
4.2 
4.9 
5.9 
6.1 
5.0 
5.4 
5.2 
7.1 
7.8 
9.4 
10.8 
11.4 
11.8 
11.1 
8.9 

4.9 
4.8 
4.6 
4.2 
3.8 
3.6 
3.5 
3.3 
3.3 
3.3 
3.5 
3.6 
4.0 
4.0 
3.6 
3.3 
3.0 
2.8 
3.5 
3.3 
3.7 
4.4 
3.8 
3.4 
3.3 
3.3 
2.9 
2.8 
2.7 
2.6 
2.5 

2.3 
2.1 
2,5 
2.8 
3.5 
5.1 
6.5 
4.7 
3.8 
3.6 
3.5 
3.0 
3.4 
3.0 
2.5 
2.2 
2.0 
1.9 
1.8 
1.9 
2.1 
2.4 
4.4 
3.9 
3.9 
3.3 
4.0 
4.1 
4.2 
4.5 



0.4 

.4 

.3 

.4 

.5 

.5 

1.0 

1.0 

1.0 

1.2 

3.2 

6.0 

6.0 

4.7 

.^.0 

3.1 

'6.6 
4.8 
4.0 
4.2 
3.0 
3.2 
2.6 
2.2 
1.9 
1.8 
1.7 
1.9 
3.3 

3 

4 

5 

6 

2.4 

7 

8 

2.4 
2.8 
2.3 
2.2 
2.0 
2.5 
2.4 
2.1 
2.4 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

2.8 
3.1 
4.4 
5.5 

20 

6.0 

21 

8.0 

22 

9.2 
9.5 
8.1 
6.3 

23 

24 

25 

28 

5.1 

27 

4.2    ! 

28 

3.7 
3.3 
2.0 
2.6 

29 

30 

31 

Coosa  River^  at  Loch  No.  4,  for  1893. 


Day. 

Jan. 

Feb. 

5.6 

5.0 

4.4 

3.8 

3.5 

3.3 

3.1 

3.1 

3.1 

3.0 

3.8 

6.5 

9.2 

11.3 

12.1 

20.8 

20.6 

19.5 

18.4 

17.8 

17.3 

16.8 

15.9 

14.0 

9.4 

6.6 

5.5 

6.2 

...... 

Mar. 

Apr. 

3.6 
3.5 
3.3 
3.2 
3.4 
3.5 
3.7 
3.8 
4.0 
3.8 
3.3 
3.0 
2.9 
3.3 
4.0 
4.4 
4.4 
4.3 
3.9 
3.3 
3.6 
3.8 
3.7 
3.6 
3.3 
3.1 
4.8 
6.4 
5.9 
5.4 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec-. 

0.3 

1 

2.7 
2.8 
8.1 
3.1 
3.3 
3.0 
2.8 
2.5 
2.2 
2.1 
1.9 
2.1 
2.0 
2.0 
2.1 
2.6 
2.4 
2.1 
2.1 
2.0 
2.0 
2.0 
2.0 
2.1 
2.8 
8.7 
4.7 
5.5 
5.8 
6.8 
5.7 

7.1 
7.9 
8.1 
7.9 
8.4 
8.2 
7.6 
6.6 
7.7 
8.8 
10.1 
10.5 
9.8 
8.0 
6.9 
5.9 
5.3 
4.8 
4.5 
4.2 
4.0 
3.8 
3.7 
3.9 
5.9 
6.0 
5.8 
5.4 
4.2 
4.0 
3.7 

4.5 
5.2 
9.7 
14.4 
15.1 
12.6 
12.5 
10.5 
9.8 
7.9 
6.4 
5.6 
4.9 
4.4 
3.9 
3.7 
3.5 
3.2 
3.1 
3.0 
2.8 
2.6 
2.5 
2.3 
2.2 
2.1 
2.0 
2.0 
3.0 
5.4 
6.0 

5.4 
7.4 
7.9 
8.0 
8.0 
7.3 
7.3 
9.3 
10.4 
10.2 
7.9 
5.6 
4.2 
3.6 
3.1 
3.0 
2.0 
2.6 
2.5 
2.0 
2.8 
2.4 
3.0 
3.1 
2.9 
3.8 
3.7 
3.4 
2.0 

1.9 

1.8 

1.7 

1.7 

1.6 

1.8 

1.6 

1.5 

1.5 

1.4 

1.5 

1.4 

1.4 

1.3 

1.2 

1.3 

1.2 

1.1 

1.0 

.9 

1.0 

.9 

.9 

.9 

1.3 

1.5 

1.2 

.8 

.7 

.7 

1.0 

1.0 

.9 

1.1 

1.4 

1.4 

1.8 

1.6 

1.5 

1.5 

1.4 

1.5 

1.4 

1.0 

1.4 

1.3 

1.1 

1.2 

1.3 

1.4 

1.1 

1.0 

.8 

.5 

.4 

.3 

.3 

.4 

.2 

.1 

.2 

.2 

.2 

.2 

.S 

1.2 

1.7 

1.1 

1.6 

.5 

.5 

.4 

.5 

.8 

1.5 

2.7 

3.3 

3.5 

3.0 

2.1 

1.5 

1.0 

.7 

.6 

.5 

.4 

.3 

.3 

.4 

.2 

.1 

.2 

0.3 
.3 
.3 
.3 
.2 
.2 
.2 
.3 
.3 
.3 
.1 
.1 
.1 
.1 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

-0.1 

—  .1 

—  .1 

—  .1 
.0 
.0 
.0 
.0 
.0 
.0 

—  .1 

.0 
.0 
.0 
.0 

+  .1 

.0 
.0 
.0 
.0 

.1 
.1 
.1 

.2 
.2 
.1 
.3 
.3 
.2 
.1 

'      2 

.3 

3 

.0 

1.0 

1.2 

1.3 

1.5 

1.2 

.7 

.6 

.4 

.3 

.3 

.3 

.3 

.5 

.6 

6 

0 

.7 

.7 

.6 

.4 

.8 

.3 

.2 

.1 

,1 

,0 

.2 

4 

5 

1      6 

i       i ........... ... 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

10 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 

30 

31 

1  Record  from  United  States  Engineer  Office. 
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33 


Cooaa  Siver  *  at  Lock  2io.  4,  for  1894, 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11- 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 


27. 
28. 
20. 
30. 
81. 


Jan. 

2.3 

1.9 

1.3 

1.3 

1.2 

1.2 

2.6 

4.1 

4.1 

7.6 

9.3 

0.3 

8.1 

6.8 

5.4 

5.1 

4.9 

4.8 

4.9 

4.5 

3.9 

4.0 

4.4 

4.1 

8.0 

3.5 

3.1 

2.8 

2.7 

2.6 

2.2 

Feb.  ,  Mat. 


2.1 
2.0 
2.0 
2.0 
2.8 
4.1 
5.0 
5.2 
6.0 
6.2 
6.3 
6.8 
8.3 
8.9 
9.1 
8.3 
6.7 
5.8 
5.7 
5.9 
6.5 
6.6 
6.6 
6.3 
5.2 
5.5 
5.9 
5.6 


7.4 

2.8 

7.6 

3.4 

7.6 

i.3 

6.9 

3.9 

6.0 

3.7 

5.2 

3.9 

4.6 

2.7 

4.2 

3.9 

3,7 

3.4 

3.9 

5.6 

5.6 

5.1 

4.i 

5.1 

3.1 

5.9 

2.8 

5.3 

2.8 

4.8 

2.6 

4.6 

3.1 

7.1 

2.8 

a7 

3.0 

9.2 

8.0 

8.3 

2.9 

7.3 

2.5 

5.8 

2.1 

4.7 

2.0 

4.0 

2.0 

3.6 

1.7 

3.3 

1.7 

3.0 

1.7 
1.7 
1.6 
1.6 
1.7 
1.8 
1.7 
1.4 
1.4 
1.4 
1.5 
2.2 
1.9 
1.9 
2.0 
2.4 
?.8 
3.0 
2.4 
1.7 
1.4 
1.4 
1.4 
1.2 
1.2 
1.2 
1.2 
1.2 
.9 
.9 
.8 


0.7 

.7 

.6 

.6 

.5 

.5 

.4 

.4 

.4 

.3 

.3 

.2 

.2 

.2 

.1 

.1 

.1 

.3 

.3 

.7 

.8 

.9 

1.0 

.9 

1.2 

2.4 

2.4 

1.2 

1.0 

.8 


July. 


0.7 

.5 

.3 

.3 

.3 

.3 

1.0 

1.0 

.8 

.8 

1.3 

1.1 

.5 

.3 

.2 

.1 

.1 

.1 

.2 

.6 

1.6 

1.4 

1.2 

1.4 

1.8 

2.1 

1.4 

.9 

1.9 

1.3 

.9 


Aug. 


Sept. 


0.9 

1.0 

1.0 

1.0 

.7 

.7 

1.2 

1.2 

.8 

.5 

.3 

.2 

.2 

.2 

.1 

.1 

.1 

.2 

.1 

.6 

.5 

.2 

.3 

1.9 

2.6 

2.0 

1.8 

1.5 

3.7 

2.4 

1.6 


1.4 

1.4 

1.0 

.8 

.5 

.2 

.1 

.1 

.1 

.1 

.0 

.3 

.4 

.7 

.5 

.5 

.4 

.4 

1.4 

3.9 

3.1 

2.9 

1.3 

.8 

.5 

.3 

.2 

.2 

.1 

.2 


Oct. 


0.1 

—  .1 

—  .1 

—  .3 

—  .4 

—  .3 

—  .2 

—  .2 

—  .2 

—  .1 

—  .3 

—  .3 

—  .2 

—  .1 

—  .1 

—  .1 

—  .1 

—  .2 

—  .3 

—  .4 

—  .4 

—  .3 

—  .4 

—  .4 

—  .3 

—  .3 

—  .3 

—  .3 

—  .4 

—  .1 

—  .1 


Nov. 


—0.1 

—  .2 

—  .1 
.0 

+  .1 
.0 

—  .1 

—  .1 

—  .2 

—  .3 

—  .3 

—  .3 

—  .4 

—  .3 

—  .2 

—  .2 

—  .1 

—  .1 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

+  .1 
.4 
.2 
.1 


Dec. 


0.0 

-  .1 

-  .2 

-  .1 

-  .2 

-  .2 

-  .3 

-  .1 
.0 

f  .1 
.3 
1.5 
6.0 
0.6 
10.0 
8.0 
5.0 
2.9 
2.0 
1.6 
1.4 
1.3 
1.1 
.8 
.7 
1.0 
4.9 
6.0 
8.4 
8.5 
6.8 


Coo9a  Biver  '  at  Look  No.  4,  far  1895. 


Bay. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Got. 

Not. 

Deo. 
0.9 

1 

4.5 

8.4 

4.4 

5.6 

6.2 

4.8 

2.2 

1.6 

3.3 

0.8 

0.9 

2 

3.0 

8.0 

6.1 

5.4 

5.2 

4.0 

2.6 

1.5 

3.1 

.8 

1.0 

.9 

3 

2.5 

9.0 

8.2 

5.0 

4.8 

3.8 

4.0 

1.6 

2.7 

.8 

1.1 

.9 

4 

2.3 

9.2 

9.4 

4.8 

4.4 

3.6 

4.8 

1.6 

2.6 

.8 

1.4 

.8 

5 

2.3 

9.4 

9.8 

4.6 

4.8 

3.4 

5.4 

1.4 

4.1 

.8 

1.6 

.8 

6 

2.4 

8.6 

9.0 

4.2 

4.4 

3.4 

4.8 

1.3 

3.1 

.8 

1.2 

.8 

7 

2.5 

8.0 

8.0 

6.4 

4.4 

3.4 

3.2 

1.3 

2.8 

.8 

1.0 

.9 

■      8 

5.4 

7.0 

7.5 

9.6 

5.0 

4.0 

3.0 

1.3 

2.8 

.9 

.9 

.9 

9 

12.4 

6.6 

6.2 

11.6 

5.7 

4.0 

2.8 

1.3 

2.8 

.8 

.8 

.9 

10 

15.7 

8.8 

6.8 

12.0 

6.8 

3.8 

2.6 

1.4 

2.5 

.6 

.9 

.0 

11 

16.1 

7.8 

5.4 

11.2 

6.0 

3.4 

2.4 

1.6 

2.1 

.7 

1.0 

.9 

12 

15.6 

5.0 

5.4 

9.4 

5.6 

3.0 

2.8 

1.4 

2.0 

.9 

1.1 

.9 

18 

15.7 

5.0 

5.4 

7.2 

5.0 

3.0 

2.2 

1.2 

1.8 

.9 

1.4 

1.2 

14 

15.3 

5.2 

8.0 

5.8 

5.0 

3.0 

3.5 

2.0 

1.7 

.8 

1.9 

1.2 

15 

15.1 

4.6 

11.6 

5.2 

6.2 

3.6 

3.3 

3.0 

1.7 

.8 

2.0 

1.2 

16 

15.0 

4.4 

15.6 

5.0 

5.0 

3.4 

3.4 

2.7 

1.6 

.8 

l.G 

1.1 

17 

15.0 

4.2 

16.4 

5.6 

4.4 

3.2 

3.3 

3.1 

1.5 

.8 

1.3 

1.0 

18 

12.4 

4.4 

13.6 

6.2 

4.0 

3.0 

3.1 

4.0 

1.5 

.7 

1.1 

1.0 

19 

8.9 

4.4 

14.6 

8.2 

4.0 

3.0 

2.8 

7.5 

1.7 

.7 

1.0 

.9 

20 

6.9 

4.6 

13.4 

8.8 

3.8 

3.6 

2.6 

8.3 

1.7 

.7 

1.0 

.9 

21 

6.8 

5.0 

14.2 

7.6 

3.6 

4.0 

2.4 

6.5 

1.7 

.6 

.0 

1.1 

22 

10.3 

5.6 

14.4 

6.0 

8.4 

3.2 

2.3 

7.9 

1.6 

.6 

.9 

1.2 

23 

11.5 

5.8 

14.6 

5.4 

3.0 

3.4 

2.3 

7.7       1.4 

.6 

.8 

1.5 

24 

11.3 

5.8 

14.0 

4.8 

3.2 

3.0 

2.0 

7.0 

1.3 

.0 

.8 

1.8 

26 

10.0 

5.8 

13.6 

4.6 

3.4 

2.8 

2.) 

5.6 

1.2 

.6 

.8 

2.5 

26 

9.8 

5.2 

18.0 

4.4 

5.0 

2.6 

2.0 

4.2 

1.1 

.6 

.8 

2.5 

27 

9.4 

5.0 

9.8 

4.4 

6.4 

2.4 

1.8 

3.4 

1.1 

.6 

.9 

2.5 

28 

9.0 

4.6 

7.4 

5.0 

9.0 

2.8 

1.8 

3.2 

1.0 

.7 

.8 

2.6 

29 

9.4 

•••••■ 

6.2 

5.6 

9.0 

2.2 

1.9 

3.2 

1.0 

.7 

.8 

2.5 

30 

9.2 

6.0 

5.6 

7.8 

2.0 

1.8 

'    4.0 

.9 

.7 

.8 

2.6 

31 

9.0 

6.4 

6.0 

1.7 

3.4 

1 

.8 

2.8 
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RIVER   HEIGHTS   FOR   1896. 


IKO.  11. 


Cooaa  River '  at  Lock  No.  4^  for  1896, 


1 

Day. 

1 
Jan. 

1 

Feb. 

8.8 

3.8 

8.4 

3.6 

3.5 

6.6 

10.0 

11.8 

13.7 

13.4 

18.0 

11.8 

10.0 

8.7 

7.8 

7.6 

7.6 

6.8 

6.0 

5.2 

4.5 

4.1 

3.9 

8.6 

3.3 

3.2 

3.0 

3.0 

8.0 

1 

Mar. 

3.4 
3.8 
3.0 
2.8 
2.8 
2.7 
3.0 
8.1 
3.0 
2.9 
3.4 
4.7 
5.2 
4.8 
4.4 
4.1 
6.0 
5.8 
6.8 
7.7 
8.0 
7.4 
6.5 
5.7 
6.2 
4.8 
4.3 
4.0 
4.0 
3.6 
3.4 

Apr. 

3.5 
5.2 
7.0 
8.5 
7.3 
7.8 
6.8 
5.0 
4.1 
3.6 
3.6 
3.6 
3.0 
2.0 
2.7 
2.5 
2.5 
2.4 
2.4 
2.2 
2.1 
2.0 
2.0 
2.0 
2.0 
2.2 
2.5 
2.7 
2.4 
2.2 

1 
May 

June. 

July. 

Aug. 

1 
Sept. 

0.6 
.5 
.8 
.2 
.2 
.1 
.1 

:} 

.0 
.0 
.0 
.0 

.1 

.0 
.0 
.0 
.0 
.0 

.1 
.1 

.0 
.0 
.0 
.0 

.1 
.1 

.0 

.1 

.2 

Oct. 

0.2 
2.0 
3.5 
3.0 
2.9 
1.1 
.6 
.5 
.4 
.3 
.3 
.2 
.2 
.2 
.2 
.2 
.1 
.1 
.2 
.2 
.2 
.2 
.1 
.1 
.1 
.1 
.2 
.2 
.5 
.5 
.6 

Nov. 

Dec. 

1 

4.0 
4.1 
4.1 
3.5 
8.5 
2.6 
2.1 
2.0 
1.8 
1.0 
2.1 
2.4 
2.3 
2.0 
1.8 
1.8 
2.8 
3.4 
4.1 
4.0 
3.6 
4.4 
6.9 
9.0 
9.0 
10.0 
10.0 
8.7 
7.8 
5.2 
4.4 

2.5 
2.4 
2.2 
2.1 
2.8 
2.9 
2.9 
2.7 
2.4 
2.1 
1.8 
1.8 
1.5 
1.4 
1.3 
1.2 
1.2 
1.2 
1.1 
1.1 
1.1 
1.0 
1.1 
1.4 
.9 
1.2 
1.5 
1.5 
1.3 
1.5 
1.4 

0.1 
.1 
.1 
.1 
_2 

.2 
.1 
.1 
.1 
.1 
.2 
.2 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 

0.6 
.5 
.5 
.5 
.4 
.5 
1.0 
2.7 
4.7 
6.2 
7.5 
7.0 
4.8 
2.8 
2.6 
2.4 
2.8 
2.8 
8.3 
3.9 
3.4 
2.6 
2.2 
2.0 
1.9 
2.0 
2.0 
1.0 
1.5 
1.3 
1.2 

1.3 

1.1 

1.2 

1.4 

1.4 

1.4 

1.2 

1.0 

.9 

.7 

.5 

.5 

.6 

.5 

1.0 

.0 

.5 

.5 

.5 

.5 

.4 

.4 

.4 

.4 

.5 

.4 

.5 

.7 

.9 

.8 

.7 

0.7 

1.2 

1.0 

.6 

l 

.0 

.6 

2.5 

2.6 

1.7 

1.1 

1.3 

2.2 

2.6 

4.4 

6.0 

5.4 

4.4 

3.8 

1.8 

1.4 

1.3 

1.1 

1.0 

.9 

.9 

.9 

.9 

.9 

1.8 

1.5 
2.8 
4.7 
5.6 
3.6 
2.7 
2.2 
1.9 
1.7 
1.6 
1.5 
1.4 
1  5 
1.5 
1.6 
1.4 
1.7 
2.0 
2.0 
1.7 
1.4 
1.8 
1.8 
1.3 
1.1 
1.0 
1.0 
.9 
.9 
.8 
.8 

2, 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

^Becord  from  United  States  Engineer  Office. 

Look  No.  5. — Tliis  is  a  site  for  a  proposed  lock  to  improve  the  navi- 
gation of  the  Coosa  Eiver.  It  is  abont  6  miles  below  the  crossing  of 
the  Southern  Railway  at  Kiverside,  Alabama.  Blue  Eye  Greek  and 
Ghoccolocco  Creek  dow  into  the  river  between  Kiverside  and  Lock  Ko.  5. 

The  record  of  gage  heights  furnished  by  the  United  States  Engineer 
Corps  is  presented  below : 

Cooaa  River  at  I^ock  JNTo.  S,  Georgia,  for  189$, 


Day. 

1 

Jan. 

2.0 

2.8 

3.8 

3.7 

3.8 

3.3 

2.6 

2.2 

2.5 

3.5 

3.8 

4.4 

13.0 

16.5 

15.8 

14.8 

14.2 

14.4 

16.7 

18.4 

18.4 

17.3 

16.5 

15.7 

14.6 

13.8 

12.2 

7.5 

4.5 

3.4 

3.0 

Feb. 

2.9 
2.7 
2.6 
2.4 
2.3 
2.2 
2.1 
2.5 
3.1 
3.0 
3.2 
3.0 
2.9 
2.8 
2.3 
2.4 
2.4 
2.5 
2.5 
2.4 

!l 

5.6 
5.4 
4.5 
3.5 
3.1 
2.7 

Mar. 

Apr. 

4.9 

4.0 

8.6 

3.3 

3.0 

3.0 

16.8 

19.4 

18.2 

17.2 

17.1 

17.4 

17.1 

16.8 

16.1 

16.0 

13.6 

9.5 

6.3 

4.1 

8.7 

5.7 

5.7 

4.9 

4.0 

8.7 

3.3 

8.0 

2.8 

3.0 

May. 

3.0 
2.9 
2.8 
2.8 
2.5 
2.2 
2.1 
1.9 
2.1 
2.2 
2.3 
2.4 
2.5 
2.3 
2.1 
2.0 
1.9 
1.9 
2.1 
2.0 
2.2 
2.4 
2.3 
2.0 
1.9 
2.0 
1.7 
1.5 
1.6 
1.5 
1.5 

1 
June. 

1.3 
1.3 
1.5 
1.6 
1.6 
2.6 
3.1 
2.9 
3.8 
2.2 
2.0 
1.8 
1.6 
2.0 
1.4 
1.2 
1.1 
1.1 
1.1 
1.1 
1.3 
2.3 
2.5 
2.3 

2.2 
2.4 
2.4 
2.7 

■  ■      •  •  ■ 

July. 

2.6 
2.7 
1.5 
1.2 
1.1 
1.1 
1.0 

3.4 
4.3 
4.0 
5.7 
7.3 
7.6 
8.0 
7.0 
5.1 
4.0 
8.5 
5.0 
4.5 
3  5 
3.4 
3.6 
3.2 
3.0 
2.8 
2.3 
1.5 
1.3 
1.1 

Aug. 

1.0 

1.0 

1.0 

.9 

1.0 

1.0 

.9 

.8 

.8 

.8 

.9 

.9 

1.0 

.9 

.9 

.8 

.8 

.9 

.8 

.8 

.9 

.9 

1.3 

1.7 

8.4 

4.3 

4.7 

8.5 

2.7 

2.1 

2.0 

Sept 

1.5 

1.5 

1.3 

1.0 

1.0 

.8 

.8 

.8 

.7 

.7 

.6 

.6 

.5 

.5 

.6 

.6 

1.0 

.8 

1.3 

1.7 

2.0 

2.5 

3.8 

3.8 

2.4 

2.0 

1.4 

1.2 

.9 

.8 

...... 

Oct. 

0.8 
.7 
.5 
.5 
.5 
.5 

A 
•  % 

!s 

.3 
.3 
.3 
.3 
.3 
.8 
.8 
.2 
.2 
.2 
.2 
.2 

Nov. 

0.2 

.2 

.2 

.3 

.4 

.3 

.5 

.8 

2.0 

1.8 

3.6 

4.5 

3.8 

2.7 

2.1 

1.9 

2.0 

1.7 

1.7 

2.1 

2.0 

1.7 

1.7 

1.5 

1.3 

1.1 

1.2 

1.1 

1.3 

1.8 

Deo. 

1 

2.5 

2.4 

2.3 

2.1 

2.0 

1.9 

2.1 

3.4 

5.4 

6.7 

7.2 

6.7 

6.0 

3.7 

3.0 

2.7 

2.6 

2.4 

3.8 

4.0 

3.9 

8.5 

3.1 

4.9 

5.7- 

7.2 

8.7 

8.7 

8.6 

8.0 

6.9 

1.9 
1.6 
1.4 
1.3 
1.1 
1.5 
1.4 
1.5 
1.9 
2.0 
1.5 
1.6 
1.3 
1.2 
1.6 
1.8 
2.1 
2.4 
8.4 
4.4 
6.1 
6.6 
6.4 
5.5 
4.5 
3.1 
2.7 
2.4 
1.9 
1.6 
1.5 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

31 

D4TIB.]       OAQE   HEIGHTS   ON   OULF   OF   MEXICO    WATEBMHED. 
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Coosa  Biver  at  Lock  No,  5,  Georgia,  for  189S, 


Day. 


1. 

2. 

8. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
U. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 


25. 

;  26 

I    27. 


30. 
31. 


Jab. 


1.5 
1.8 
1.2 
1.2 
1.2 
1.1 
1.2 
1.2 
1.3 
1.5 
1.5 
1.9 
1.7 
1.6 
1.5 
1.1 
1.3 
1.3 
1.7 
2.0 
2.0 
3.9 
3.9 
3.8 


Feb. 


3.4 

3.0 

2.6 

2.4 

2.1 

2.0 

1.8 

1.8 

1.8 

1.9 

2.3 

4.7 

7.1 

8.0 

12.3 

18.1 

17.4 

15.3 

14.0 

13,7 

12.9 

12.4 

10.4 

9.7 

7.5 

4.4 

3.6 

4.5 


Mar. 

Apr. 

5.0 

2.1 

5.1 

2.1 

5.6 

2.0 

5.6 

1.9 

6.1 

2.1 

5.9 

2.2 

4.6 

2.3 

4.6 

2.3 

5.7 

2.3 

6.4 

2.2 

7.3 

.    2.0 

7.5 

1.8 

6.4 

1.8 

5.6 

2.0 

4.6 

2.2 

4.0 

2.6 

3.4 

2.7 

3.1 

2.7 

2.9 

2.7 

2.6 

2.2 

2.5 

2.3 

2.4 

2.4 

2.3 

2.8 

3.8 

3.9 

3.7 

3.4 

2.8 

2.4 

3.6 

2.3 

Hay. 


2.8 
3.5 
6.3 
0.9 
11.5 
10.6 
19.1 
7.6 
6.3 
5.7 
4.6 
3.7 
3.2 
2.7 
2.6 
2.3 
2.1 
2.0 
2.0 
2.0 
1.8 
1.7 
1.6 
1.4 
1.3 
1.3 
1.2 
2.8 
3.4 
3.5 
3.5 


4.7 
5.5 
5.9 
5.2 
5.1 
5.0 
5.0 
6.2 
7.2 
7.2 
4.9 
3.9 
2.7 
2.2 
2.0 
1.7 
1.6 
1.6 
1.5 
1.4 
1.4 
1.5 
1.5 
1.9 
1.8 
1.9 
2.7 
2.1 
1.5 
1.2 


1.1 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
.9 
.8 
.8 
.7 
.7 
.7 
.0 
.6 
.6 
.6 
.6 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.6 
.5 
.5 


Aug. 

Sept.    Oc 

Jt. 

0.5 

0.2      0 

.3 

.5 

.3 

.3 

.5 

.3 

.3 

.6 

.5 

.3 

.8 

.9 

.3 

1.1 

.7 

3 

1.4 

.4 

2 

1.7 

.3 

2 

1.8 

.3 

2 

1.2 

.3 

.2 

.8 

.5 

.8 

.9 

.8 

1.6 

1.0 

1.9 

1.0 

1.9 

.8 

2.0 

.8 

1.8 

.9 

1.6 
1.0 

.7 

.7 

.6 

.5 

.4 

.4 

.3 

.4 

.3 

.4 

0 

.3 

.3 

0 

.2 

.3 

0 

.3 

.3 

0 

.2 

.2 

0 

.2 

.2 

0 

.2 

.2 

0 

.2 

0 

Nov. 


0.0 
0 


0.2 
.3 
.3 
.3 
.5 
.6 
1.0 
1.0 
.8 
.6 
.5 
.8 
.3 
.8 
.8 
.3 
.3 
.8 
.8 


.3 
.3 
.2 
.2 
.5 
1.1 


Coo9a  River  at  Lock  No,  S,  Georgiaj  for  1894, 


Day. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

i  12 

13 
14 
15 
10 
17 
18 
19 
20 
21 
22 
23. 
24 
25. 
28. 
27. 
28. 
29 
30. 
31. 


Jan. 

1.4 

1.1 

1.1 

1.0 

.9 

.8 

1.5 

2.9 

2.8 

5.7 

7.4 

7.5 

6.0 

4.6 

3.6 

8.6 

3.3 

8.3 

8.3 

2.9 

2.5 

2.4 

2.6 

2.5 

2.4 

2.1 

1.9 

1.7 

1.6 

1.5 

1.4 

Feb. 

Har. 

1.3 

5.0 

1.2 

5.3 

1.2 

5.2 

1.3 

4.5 

1.7 

4.0 

2.3 

3.4 

3.1 

3.0 

3.2 

2.7 

3.7 

2.6 

4.8 

2.5 

4.2 

2.1 

4.7 

3.2 

6.1 

8.5 

6.3 

3.8 

6.4 

3.3 

5.7 

3.4 

4.6 

4.5 

4.3 

3.9 

3.6 

3.2 

3.7 

3.0 

4.3 

5.3 

4.6 

6.3 

4.1 

6.9 

3.4 

6.3 

3.5 

5.3 

4.0 

4.0 

4.0 

3.2 

4.4 

2,7 

2.3 

2.1 

1.9 

Apr. 


1.8 
2.0 
2.8 
2.6 
2.2 
2.3 
2.4 
2.2 
2.0 
2.5 
3.3 
3.1 
3.0 
3.1 
2.7 
2.3 
2.0 
1.7 
1.6 
2.0 
1.9 
1.9 
2.0 
1.8 
1.6 
1.4 
1.3 
1.2 
1.2 
1.1 


May. 


1.1 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

.8 

.8 

.8 

1.7 

1.3 

1.3 

1.3 

1.5 

1.7 

1.8 

1.5 

1.5 

1.0 

1.0 

1.0 

.0 

.8 

.8 

.8 

.7 

.7 

.6 

.5 


June. 


0.5 
.5 
.5 
.5 
.4 
.4 
.4 
.8 
,3 
.3 
.3 
.2 
.2 
.2 
.2 
.2 
.1 
.2 
.3 
.4 
.5 
.6 
.6 
.5 
.8 
1.5 
1.4 
1.0 
.7 
.5 


July. 


0.5 
.4 
.3 
.3 
.2 
.2 
.6 
.7 
.7 
.8 
.0 
.6 
.4 
.3 
.3 
.3 
.2 
.2 
.2 
.4 
.8 
.9 
.7 
.8 
.9 

1.1 
.9 
.5 

1.2 

1.0 
.6 


Aug. 


0.5 

.5 

.6 

.7 

.6 

.5 

.5 

.8 

.6 

.5 

.4 

.2 

.2 

.2 

.2 

.1 

.1 

.1 

.1 

.1 

.1 

.3 

.3 

1.7 

1.5 

1.7 

1.2 

.7 

2.2 

1.6 

1.2 


Sept. 


0.8 

1.0 

.8 

.5 

.3 

.2 

.2 

1.3 

.2 

.3 

.8 

.6 

.8 

.7 

.5 

.3 

.3 

.8 

1.0 

1.7 

2.3 

1.8 

1.0 

.6 

.3 

.3 

.2 

.2 

.1 

.1 


Got. 


0.0 
.0 
.1 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.2 
.2 
.2 
.2 


0.2 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.3 

.5 

2.4 

3.8 

6.7 

7.0 

5.7 

3.6 

1.0 

1.2 

1.0 

.9 

.8 

.6 

.5 

.5 

.6 

3.2 

4.5 

5.5 

5.7 

4.6 
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CooM  River  ^  at  Look  No,  5,  Goorgia,  for  1896. 


Day. 


1.. 

2.. 

3.. 

4.. 

6.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11.. 
12.. 
13.. 
U.. 
16.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
80.. 
81.. 


Jan. 

Feb. 
5.8 

Mar. 
2.2 

Apr. 
3.(1 

May. 

Jane. 

July. 

Aug. 
0.6 

Sept.    Oct. 

3.0 

3.0 

2,7 

1.9 

1.6       0 

.3 

1.9 

5.6 

3.5 

2.9 

2.8 

2.1 

2.2 

.6 

1.5 

.3 

1.5 

6.3 

5.8 

2.7 

2.7 

1.9 

3.4 

.6 

1.4 

.2 

1.4 

6.4 

6.8 

2.6 

8.8 

1.6 

4.2 

.5 

1.3 

.2 

1.4 

6.5 

7.0 

2.4 

2.8 

1.5 

4.5 

.4 

2.1 

.2 

1.4 

6.0 

6.4 

2.3 

2.5 

1.5 

5.7 

.4 

1.6 

2 

1.4 

5.2 

5.6 

2.1 

2.4 

1.6 

2.9 

.4 

1.4 

.2 

3.9 

4.8 

4.6 

6.8 

2.9 

1.9 

2.6 

.5 

1.8 

.2 

10.5 

4.4 

4.0 

8.6 

3.5 

2.3 

4.1 

.5 

1.2 

.2 

12.9 

4.0 

3.5 

8.7 

3.6 

1.9 

5.4 

.6 

.2 

12.6 

3.6 

3.8 

8.0 

3.7 

1.3 

.6.0 

1.0 

.2 

12.0 

3.0 

3.3 

6.9 

3.7 

1.3 

5.2 

1.1 

.2 

11.4 

2.9 

3.3 

6.0 

8.6 

1.4 

3.4 

l.O 

.2 

11.3 

2.8 

6.1 

3.6 

2.9 

1.4 

3.4 

1.3 

.2 

11.3 

2.6 

8.5 

3.0 

3.0 

1.4 

1.9 

1.6 

.2 

11.3 

2.8 

13.8 

2.8 

2.9 

1.3 

2.0 

1.3 

.2 

11.4 

2.2 

13.6 

8.4 

2.4 

1.3 

1.8 

1.5 

9.5 

2.2 

12.5 

4.0 

2.0 

1.3 

1.5 

2.0 

6.6 

2.2 

11.8 

6.5 

1.9 

1.4 

1.4 

4.0 

4.8 

2.5 

10.3 

6.1 

1.7 

1.5 

1.2 

5.1 

4.4 

2.9 

10.8 

6.1 

1.7 

2.4 

1.2 

4.0 

6.9 

3.2 

10.7 

3.8 

1.6 

1.7 

1.0 

5.1 

8.1 

8.4 

10.9 

3.1 

1.5 

1.7 

1.0 

5.2 

7.0 

8.5 

10.6 

2.7 

1.4 

1.1 

1.0 

4.6 

6.8 

3.1 

10.0 

2.6 

1.5 

1.1 

1.0 

3.5 

7.1 

2.7 

9.0 

2.3 

2.0 

1.2 

.9 

2.4 

.8 

6.8 

2.5 

7.2 

2.4 

3.6 

l.l 

.8 

1.8 

.3 

6.6 

2.3 

6.1 

2.6 

5.6 

1.0 

.8 

1.6 

.3 

6.7 

4.0 

3.3 

0.2 

.9 

.8 

1.6 

.3 

6.5 

3.6 

8.8 

5.3 

1.9 

.8 

2.1 

.8 

6.3 

3.3 

3.8 

.7 

1.9 



Nov. 


0. 


.6 

.3 

.2 

.2 

.5 

.6 

.7 

.7 

.9  ' 

.7 

.6 

.6 

.5 

.4 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 


0.8 
.8 
.3 
.3 
.3 
.3 
.3 
.2 
.2 
.2 
.2 
.2 
.3 
.5 
.5 
.5 
.5 
.5 
.6 
.5 
.5 
.6 
.7 
.8 
.8 
1.1 
1.2 
1.2 
1.3 
1.4 
1.6 


Coo9a  River  ^  at  Lock  No,  S,  Georgia,  for  1896, 


Day. 
1 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec 

2.0 
2.1 
1.9 
1.6 
1.4 
1.1 
1.1 
1.0 
1.0 
.9 
1.0 
1.1 
1.1 
.9 
.9 
.9 
1.5 
1.8 
1.8 
2.2 
1.9 
2.3 
4.6 
6.0 
6.7 
7.1 
6.7 
5.5 
4.3 
3.1 
2.4 

2.1 
1.9 
1.7 
1.7 
1.6 
8.5 
7.1 
8.8 
10.2 
9.9 
9.4 
8.6 
7.2 
6.7 
5.0 
4.9 
4.7 
4.1 
8.5 
2.9 
2.5 
2.2 
2.0 
1.9 
1.8 
1.7 
1.6 
1.6 
1.6 

1.8 
1.7 
1.5 
1.5 
1.6 
1.4 
1.5 
1.7 
1.6 
1.5 
2.1 
2.0 
3.0 
2.7 
2.4 
1.2 
2.7 
3.3 
3.7 
4.8 
6.2 
4.8 
4.0 
3.4 
3.0 
2.6 
2.4 
2.2 
2.0 
1.9 
1.8 

1.7 
2.6 
4.0 
6.2 
5.5 
4.5 
8.8 
2.8 
2.2 
1.9 
1.8 
1.7 
1.0 
1.6 
1.4 
1.3 
1.2 
1.1 
1.1 
1.1 
1.0 
.9 
.9 
.0 
.9 
.0 
1.1 
1.3 
1.1 
1.0 

1.1 

1.1 

1.0 

1.0 

1.3 

1.4 

1.3 

1.2 

1.0 

.9 

.8 

.7 

.6 

.6 

.5 

.4 

.4 

.4 

.4 

.3 

.3 

.3 

.3 

.4 

.4 

.5 

.6 

.6 

.6 

.5 

.6 

0.7 
.7 
.6 
.8 
.9 
.9 
.8 
.7 
.6 
.7 

1.0 
.8 
.7 
.6 
.6 
.5 
.4 
.3 
.3 
.3 
.3 
.3 
.5 
.6 
.5 
.2 
.2 
.2 
.2 
.2 

0.1 
.1 
.1 
.1 

"'4.2' 

2.7 

1.6 

1.0 

1.0 

1.4 

1.4 

1.5 

1.9 

1.6 

1.3 

1.0 

.9 

.9 

.9 

.9 

.8 

.6 

.5 

.4 

Ori 

0.1 
.1 
.1 

■\ 

.2 
.2 
.2 
.3 
.3 
.8 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.1 
.2 
.3 
.3 
.3 
.8 
.3 
.3 
.3 

0.3 
.6 
1.0 
1.3 
.8 
.4 
.2 

:} 

.1 
.1 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.1 
.1 
.1 

0.1 
.5 
.3 
.2 
.1 
.1 
.1 

'"i.'o' 

.7 

.4 

.4 

.8 

1.0 

2.0 

3.3 

3.0 

2.3 

1.3 

.8 

.6 

.4 

.4 

.4 

.3 

.2 

.2 

.3 

.8 

.4 

0.6 
1.1 
2.3 
2.3 
L8 
1.2 
.9 
.8 
.7 
.6 
.5 
.5 
.4 
.4 
.6 
.5 
.6 
.7 
.8 
.6 
.5 
.4 
.4 
.3 
.3 
.3 
.2 
.2 
.2 
.2 
.2 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

10 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 

Beoord  from  United  States  Engineer  Qf&oe. 
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Black  Warrior  River  ^  at  Tuscaloosa,  Alabama,  for  1889. 


Day. 

Jan. 

Feb. 

Hw. 

Apr. 

May. 

8.80 

June. 

Jnly. 
2.40 

Ang. 
8.70 

Sept. 
0.75 

Oct. 

Nov. 
0.90 

Dec. 

■ 

1.... 

15.00 

23.50 

18.80 

8.50 

2.80 

2.40 

6.00 

2..-. 

19.60 

20.50 

16.50 

9.80 

14.50 

2.90 

8.10 

3.60 

7.80 

1.95 

1.05 

5.65 

3.... 

18.00 

17.50 

25.00 

10.30 

13.20 

2.75 

4.40 

3.00 

6.40 

1.65 

1.85 

5.30 

4.... 

18.00 

14.80 

31.60 

11.60 

11.00 

2.50 

5.10 

2.95 

5.30 

1.30 

1.90 

4.80 

5.... 

25.00 

13.00 

29.40 

10.50 

8.50 

2.30 

6.25 

2.90 

6.20 

1.15 

3.85 

4.50 

«.... 

33.00 

11.50 

26.50 

9.60 

7.00 

2.10 

6.85 

3.70 

9.80 

1.05 

3.65 

4.20 

7.... 

83.50 

10.40 

28.00 

8.40 

5.80 

1.90 

6.45 

8.45 

14.90 

.00 

3.30 

4.00 

8.... 

29.50 

9.30 

20.10 

7.80 

4.60 

1.70 

5.70 

2.95 

19.00 

.70 

8.00 

3.80 

».... 

28.80 

8.30 

17.50 

6.80 

4.30 

2.00 

4.76 

2.60 

14.00 

.50 

2.75 

3.60 

10.... 

28.40 

8.00 

15.00 

6.40 

4.00 

2.60 

8.85 

2.00 

9.90 

.40 

2.55 

3.40 

11.... 

20.00 

7.80 

12.80 

6.30 

3.80 

8.86 

3.05 

1.75 

5.50 

.80 

3.66 

3.20 

12.... 

25.60 

7.00 

11.00 

6.00 

3.20 

4.20 

2.85 

1.55 

5.26 

.30 

4.30 

2.96 

18.... 

22.60 

7.30 

10.00 

5.60 

3.00 

3.40 

2.45 

3.85 

4.15 

.20 

4.15 

2.75 

14.... 

19.00 

7.00 

9.20 

5.50 

3.10 

4.00 

2.15 

8.60 

3.30 

.15 

3.75 

2.70 

15.... 

16.00 

7.30 

8.80 

8.00 

8.20 

3.45 

1.96 

3.35 

2.70 

.15 

3.50 

2.65 

16. . . . 

13.60 

27.50 

8.10 

16.80 

3.00 

3.25 

4.20 

3.16 

2.26 

.15 

4.20 

2.60 

17.... 

29.00 

49.00 

7.20 

16.70 

3.80 

3.06 

7.35 

3.80 

2.00 

.10 

6.20 

2.30 

18.... 

40.50 

56.40 

7.10 

14.00 

2.50 

2.85 

11.35 

8.50 

1.56 

.10 

12.45 

2.20 

19.... 

38.60 

56.60 

11.00 

12.00 

2.35 

2.65 

11.50 

3.20 

1.40 

.05 

18.90 

2.10 

20...- 

34.00 

63.00 

12.50 

10.00 

2.25 

2.45 

8.40 

2.90 

1.80 

.05 

16.90 

2.06 

21.... 

30.30 

47.00 

12.30 

8.90 

2.06 

2.25 

4.60 

2.40 

1.20 

.05 

14.10 

2.00 

22.... 

28.10 

41.. •» 

11.80 

8.00 

1.85 

3.25 

4.55 

1.90 

1.10 

.00 

11.70 

2.00 

53.... 

26.00 

36.50 

10.80 

7.00 

1.65 

3.45 

4.60 

1.50 

1.00 

—  .10 

0.70 

2.00 

24.... 

23.10 

32.50 

10.00 

6.40 

1.50 

3.20 

3.70 

1.20 

1.00 

—  .30 

7.90 

2.00 

25.... 

21.00 

28.50 

9.80 

6.30 

1.30 

3.00 

3.15 

.90 

.95 

.15 

6.60 

1.05 

28.... 

20.40 

26.50 

11.20 

6.80 

1.25 

2.40 

3.10 

.76 

2.25 

+  .10 

6.30 

1.95 

27.... 

28.00 

23.50 

11.80 

6.50 

1.15 

1.95 

4.65 

1.00 

3.70 

.86 

6.10 

1.95 

28... 

33.60 

21.40 

12.30 

6.20 

1.05 

1.65 

4.05 

.95 

3.60 

.35 

5.90 

1.90 

29.... 

33.80 

11.00 

5.80 

.95 

1.25 

4.00 

.90 

3.25 

.40 

5.8U 

1.90 

30.... 

30.00 

10.50 

5.50 

1.15 

1.10 

4.00 

1.10 

2.60 

.90 

6.30 

8.00 

31.... 

27.00 

9.80 

1.10 

3.80 

1.05 

1.00 

4.85 

Black  Warrior  Biver^  at  Tuscaloosa,  Alabafua,for  1890, 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 .'. 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

27 

28 

20...... . . 

31 


Jan. 

Fob. 

Mar. 

7.70 

30.20 

58.00 

7.20 

26.20 

57.40 

6.20 

22.50 

52.40 

6.20 

19.05 

45.80 

5.20 

16.40 

40.85 

4.80 

13.90 

87.16 

4.50 

12.10 

35.40 

4.56 

44.30 

32.60 

5.10 

53.95 

30.60 

6.30 

52.90 

27.60 

6.60 

47.60 

26.00 

5.46 

42.20 

23.00 

5.80 

87.20 

20.75 

5.20 

32.66 

22.60 

5.60 

20.45 

38.20 

11.20. 

26.96 

38.00 

19.30 

23.95 

35.80 

21.00 

21.45 

32.30 

18.40 

18.45 

20.00 

15.40 

15.65 

27.20 

13.80 

18.45 

32.40 

11.60 

12.00 

84.45 

10.10 

10.40 

41.25 

10.70 

9.40 

40.25 

12.50 

9.60 

86.75 

13.50 

13.60 

33.85 

12.80 

85.20 

29.70 

11.80 

53.10 

27.45 

10.60 

24.55 

17.60 

21.95 

31.70 

18.80 

Apr. 


24.50 
34.50 
34.10 
4a  60 
45.90 
44.50 
38.70 
34.00 
29.95 
26.70 
23.45 
20.45 
17.45 
14.50 
12.15 
10.65 
10.35 
12.95 
13.20 
13.95 
12.15 
10.45 
9.30 
10.65 
15.45 
26.50 
28.45 
26.20 
23.35 
19.60 


16.70 

13.70 

11.95 

12.75 

14.65 

16.50 

15.00 

13.50 

11.95 

lU.lO 

9.30 

8.35 

8.35 

9.00 

8.75 

8.65 

9.50 

8.00 

8.15 

7.95 

7.95 

9.00 

8.40 

7.65 

6.95 

0.85 

9.60 

13.20 

13.55 

11.95 

9.25 


7.75 
6.50 
5.65 
5.00 
4.40 
4.00 
5.20 
5.60 
5.40 
5.25 
5.00 
6.00 
6.20 
6.20 
5.60 


5. 
4. 
4. 
4. 
3. 


05 
35 
30 
20 
70 


3.20 
2.80 
2.50 
2.25 
2.25 
2.15 
2.55 
2.25 
2.05 
1.00 


Jnly. 

Ang. 
5.00 

1.80 

1.65 

4.05 

1.46 

3.25 

1.26 

2.85 

1.10 

3.15 

.80 

3.35 

.60 

3.75 

.50 

4.55 

.45 

4.30 

.30 

4.30 

.20 

6.10 

.15 

6.40 

.06 

5.30 

1.05 

4.50 

2.55 

3.20 

3.10 

2.80 

3.55 

2.50 

3.65 

2.70 

4.15 

2.55 

4.75 

2.40 

4.20 

2.20 

3.00 

1.80 

2.10 

1.40 

1.75 

J.  10 

2.75 

1.00 

12.66 

.95 

13.40 

.96 

10.50 

5.10 

0.30 

0.55 

7.45 

0.15 

0.50 

10.45 

Sept. 


8.00 
6.80 
4.86 
8.40 
3.10 
3.85 
4.35 
4.80 
2.85 
8.20 
2.90 
3.45 
3.95 
5.80 
5.56 
4.60 
3.55 
2.90 
2.45 
2.10 
1.75 
1.70 
8.05 
3.10 
13.05 
23.90 
22.65 
18.00 
14.70 
11.90 


9.30 
7.40 
6.10 
5.10 
4.40 
3.80 
3.50 
3.45 
4.50 
4.45 
4.10 
3.80 
3.50 
3.20 
2.80 
2.70 
2.60 
2.40 
2.30 
2.10 
2.00 
2.45 
4.90 
8.45 
10.56 
9.60 
8.05 
6.45 
5.30 
4.90 
4.15 


Not. 

Dec. 

3.76 

1.00 

8.85 

1.00 

3.10 

1.00 

2.85 

1.00 

2.55 

1.00 

2.40 

1.00 

2.25 

1.20 

2.15 

10.05 

2.05 

10.10 

2.00 

8.95 

1.95 

7.10 

1.75 

5.80 

1.65 

4.60 

1.60 

3.70 

1.60 

3.3U 

1.55 

2.95 

1.65 

2.80 

1.60 

2.75 

1.55 

2.20 

1.50 

2.00 

1.50 

2.00 

1.45 

1.90 

1.35 

1.00 

1.30 

1.80 

1.25 

1.80 

1.20 

2.30 

1.15 

0.80 

1.10 

9.70 

1.05 

10.20 

1.00 

0.10 

7.30 

>Becord  from  United  States  Engineer  Office. 
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Black  Warrior  Ewer  ^  at  Tuaealoosa,  Alabama,  for  1891, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 
6.50 

Sept. 

Oct. 

Nov. 

Dee. 

1... 

6.10 

83.20 

24.00 

84.00 

6.70 

1.80 

2.10 

1.00 

—0.40 

-0.80 

3.40 

2... 

8.60 

89.60 

23.60 

39.40 

6.50 

1.90 

2.00 

13.00 

1.00 

—  .30 

-  .80 

3.00 

3... 

14.30 

40.90 

20.60 

36.80 

6.30 

1.80 

1.90 

14.80 

1. 00 

-  .20 

-  .80 

2.40 

4... 

17.90 

40.20 

19.60 

32.50 

4.90 

1.70 

1.80 

16.00 

.80 

.20 

—  .80 

6.20 

6... 

15.20 

39.80 

17.20 

28.50 

4.50 

1.50 

1.50 

13.00 

.70 

—  .20 

—  .80 

6.80 

6... 

13.10 

36.30 

29.00 

25.00 

4.60 

1.40 

1.30 

9.50 

.60 

—  .20 

-.80 

21.50 

7... 

11.10 

37.00 

68.00 

22.20 

4.20 

1.40 

1.40 

7.40 

.60 

—  .40 

-  .80 

19.50 

8... 

10.00 

51.50 

68.00 

19.00 

4.00 

1.50 

2.10 

5.80 

.60 

—  .50 

-  .80 

20.00 

9... 

9.50 

51.50 

60.40 

16.00 

8.90 

2.10 

7.00 

5.40 

.60 

.60 

-  .80 

20.50 

10... 

17.50 

52.20 

58.00 

14.20 

3.50 

2.80 

10.40 

3.70 

.60 

—  .70 

+  .70 

17.00 

11... 

20.90 

53.50 

54.00 

17.20 

3.20 

3.60 

8.20 

3.10 

.70 

—  .80 

2.10 

14.00 

12... 

26.30 

50.50 

48.00 

27.00 

3.20 

10.20 

6.00 

2.70 

1.00 

—  .80 

2.80 

11.50 

13... 

30.10 

47.60 

43.00 

26.00 

3.10 

10.60 

4.30 

2.50 

1.20 

-  .80 

4.40 

9.00 

U... 

25.50 

51.40 

40.00 

22.50 

3.00 

9.80 

3.20 

3.00 

1.20 

—  .80 

3.80 

6.20 

16... 

21.00 

40.50 

86.60 

19.50 

2.80 

8.00 

2.30 

3.40 

1.00 

—  .60 

2.50 

7.00 

16... 

18.50 

46.50 

33.20 

17.20 

2.60 

6.50 

2.60 

4.00 

1.00 

.70 

2.00 

9.00 

17... 

17.10 

44.30 

80.00 

16.60 

2.60 

5.60 

2.60 

3.00 

.60 

—  .70 

1.80 

11.00 

18... 

17.70 

41.00 

28.00 

16.40 

2.60 

6.30 

2.90 

2.60 

.20 

.70 

1.80 

11.20 

19... 

17.10 

37.60 

26.40 

14.60 

2.60 

7.20 

2.60 

2.20 

.10 

-  .60* 

1.60 

10.00 

20... 

15.60 

35.00 

24.00 

13.40 

2.50 

7.00 

2.20 

2.00 

.10 

-  .70 

1.30. 

8.50 

21... 

12.60 

33.50 

21.00 

12.00 

2.50 

6.00 

1.80 

1.50 

.10 

—  .70 

1.40 

7.00 

22... 

20.20 

39.50 

19.90 

11.00 

2.70 

5.60 

1.60 

1.50 

.10 

—  .60 

8.00 

6.00 

23... 

31.60 

41.00 

17.60 

10.00 

3.00 

5.20 

1.40 

1.40 

.10 

-  .80 

8.0O 

6.00 

24... 

31.80 

39.00 

15.00 

9.00 

3.00 

4.80 

1.30 

1.30 

.10 

—  .50 

12.30 

6.20 

25... 

30.10 

36.50 

12.50 

8.20 

2.80 

4.60 

1.40 

1.20 

.00 

—  .60 

13.30 

7.50 

26... 

30.70 

33.00 

12.10 

7.60 

2.60 

4.20 

2.60 

1.10 

.00 

—  .60 

10.80 

13.20 

W... 

29.00 

20.00 

15.00 

8.40 

2.50 

4.10 

2.00 

1.10 

-  .20 

—  .70 

7.20 

31.00 

28... 

26.80 

26.60 

18.20 

8. 00 

2.40 

3.70 

2.20 

1.00 

-  .20 

-  .80 

6.80 

38.90 

29... 

23.70 

19.40 

7.30 

2.30 

2.90 

2.00 

1.00 

—  .40 

—  .80 

4.20 

31.20 

30... 

32.70 

18.00 

6.50 

2.10 

2.50 

2.10 

1.10 

-  .50 

—  .80 

3.00 

27.00 

31... 

33.00 

17.00 

2.00 

2.40 

1.00 



—  .80 

22.10 

Black  Warrior  Eiver^  at  Tiiscaloosa,  Alabama,  for  189^, 


Day. 


1.. 

2.. 

3.. 

4.. 

5.. 

0.. 

7.. 

8  . 

9.. 
10.. 
11.. 
12.. 
13.. 
14.. 
16.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
26.. 
26.. 
27.- 
28.. 
29.. 
30.. 
31.. 


1 
Jan. 

Feb. 

Mar. 

17.90 

12.20 

10.70 

16.90 

10.60 

10.30 

18.60 

9.40 

0.70 

18.70 

8.50 

8.80 

16.40 

7.80 

8.00 

14.60 

7.40 

7.80 

13.00 

7.80 

8.00 

11.60 

7.60 

16.50 

10.80 

9.00 

26.80 

10.50 

16.00 

28.60 

25.70 

13.00 

26.70 

34.80 

11.30 

22.00 

63.00 

10.80 

18.00 

57.40 

9.50 

15.80 

55  90 

9.00 

13.80 

51.70 

10.00 

13.30 

45.00 

11.80 

11.20 

40.10 

11.00 

12.90 

36.60 

9.90 

24.00 

41.50 

10.50 

26.50 

41.00 

13.60 

22.90 

36.80 

18.00 

20.00 

34.40 

23.90 

18.30 

31.00 

21.20 

22.00 

28.60 

18.60 

29.00 

26.00 

16.00 

32.00 

23.80 

14.00 

35.80 

21.50 

12.50 

34.00 

19.00 

11.50 

30.50 

16.80 

26.80 

14.00 

23.90 

Apr. 


21.80 
18.30 
15.50 
16.20 
12.00 
11.60 
56.30 
63.20 
62.20 
58.00 
62.30 
45.40 
40.70 
36.50 
32.80 
29.60 
27.00 
24.50 
22.40 
20.20 
18.10 
15.90 
13.80 
12.30 
11.30 
10.60 
8.80 
7.90 
7.70 
10.50 


May. 


12. 00 
11.20 
9.9U 
8.80 
7.20 
6.60 
5.90 
6.30 
5.20 
4.90 
4.00 
4.80 
4.70 
4.60 
4.50 
4.00 
3.70 
3.00 
4.30 
4.60 
6.50 
6.30 
6.00 
0.00 
4.80 
3.50 
4.70 
4.00 
3.80 
3.50 
8.50 


June. 


3.40 
3.20 
3.50 
3.70 
3.60 
4.70 
5.00 
4.90 
4.10 
4.00 
3.80 
3.50 
3.30 
2.80 
2.50 
2.40 
,.00 
'.80 
10 
|.90 
.40 


2' 
1" 
2' 
3* 


10 

10 

8 


6 


.80 
70 
.40 
.80 
L.90 
J.  20 
.10 
.20 
>.40 


July. 


4.60 

3.90 

3.40 

.3.00 

2.90 

3.50 

5.20 

11.00 

26.70 

43.50 

40.20 

41.40 

38.30 

37.50 

34.80 

32. 8U 

41.40 

38.00 

33.00 

29.00 

28.30 

29.80 

25.10 

21.50 

18.80 

15.80 

13.00 

10.60 

7.80 

6.20 

5.50 


Aug. 

Sept. 

Oct. 
3.90 

Nov. 
0.40 

Dec. 
5.90 

4.80 

9.30 

3.20 

7.60 

3.50 

.40 

6.60 

7.00 

6.50 

3.80 

1.20 

5.30 

7.40 

5.00 

3.10 

1.60 

4.90 

6.60 

4.90 

2.80 

1.60 

6.30 

5.40 

4.90 

2.60 

1.60 

7.50 

4.80 

4.80 

2.40 

2.00 

7.50 

3.90 

6.40 

2.20 

3.90 

12.20 

3.00 

6.20 

2.10 

4.60 

15.00 

3.50 

5.40 

2.00 

8.90 

13.20 

3.00 

5.10 

2.00 

10.90 

11.00 

3.00 

3.90 

2.00 

8.80 

9.40 

3.30 

3.40 

2.00 

7.60 

8.00 

3.10 

3.30 

1.90 

5.80 

7.40 

3.90 

4.00 

1.90 

5.00 

8.60 

3.50 

5.10 

1.90 

4.50 

10.30 

3.50 

4.90 

1.80 

4.00 

13.10 

6.00 

4.30 

1.70 

4.20 

26.70 

9.50 

6.00 

1.00 

4.40 

28.40 

11.50 

18.30 

1.00 

4.70 

28.40 

9.50 

23.90 

.90 

5.00 

36.50 

7.40 

20.90 

.00 

4.80 

35.80 

10. 20 

17.00 

.90 

4.50 

31.50 

12.30 

13.30 

1.00 

4.20 

27.00 

14.00 

10.60 

1.00 

3  80 

23.00 

14.20 

8.00 

.90 

3.60 

19.60 

13.20 

6.10 

.80 

3.30 

16.00 

11.60 

6.00 

.70 

3.20 

13.60 

12.00 

4.90 

.70 

3.90 

11.40 

11.60 

4.30 

.60 

6.00 

9.80 

10.60 

.50 

8.60 

1  Record  from  United  SUtes  Engineer  Office. 
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jtilaok  Warrior  River ^  at  Tutcaloota,  Alabama,  for  189S, 


Day. 

Jon.      Feb.  ,  Mar. 

Apr. 

May. 

Jane.  July.  Aag. 

Sept. 
0.80 

Oot. 

Nov. 

Dec. 

I 

8.20 

I&IO     23.00 

9.40 

24.50 

12.50 

2.50 

0.60 

1.10 

0.40 

1.50 

2 

8.60 

15.90  1  21.70 

9.30 

2L20 

33.50  1  2.80  1 

.70 

.30 

1.00 

.40 

1.50 

8 

9.80 

li.00     19.70 

9.00 

80.00 

49.60 

2.80 

1.00 

.10 

1.20 

.40 

1.80 

4 

10.70 

12.80 

20.50 

8.70 

51.20 

46.00 

3.60 

1.20 

.00 

1.40 

.40 

2.80    ! 

5 

ao.io 

12.50 

23.00 

8.00 

52. 20     39. 00 

3.60 

1.30 

-.10 

1.80 

.40 

3.50 

6 

9.00 

11.80 

24.00 

8.70 

48.00 

37.70 

3.20 

1.20 

—.10 

1.20 

.40 

4.20 

7 

8.40 

11.20 

22.60 

9.30 

42.90 

89.90 

2.70 

1.30 

.00 

1.20 

.40 

4.10 

8 

7.90 

10.80 

30.10 

9.00 

40.40 

39.30 

2.40 

1.20 

+.20 

1.20 

.40 

8.50 

0 

7.00 

10.60 

20.00 

8.30 

87.40 

34.00 

2.10 

1.00 

1.40 

1.00 

.40 

3.00 

10 

8.70 

10.20 

22.00 

7.60 

34.30 

29.20 

1.80 

.00 

2.00 

.90 

.60 

2.80 

11 

6.20 

12.00 

21.80 

7.00 

80.80 

25.10 

1.60 

.90 

2.10 

.80 

.60 

2.80 

12 

6.50 

2:t.  90 

20.50 

6.40 

27.50 

21.20 

1.60 

.80 

2.20 

.80 

.50 

1.90 

13 

7.80 

28.30 

19.30 

6.10 

24.40 

17.40 

2.20 

.O*-) 

8.20 

.80 

.50 

1.70 

14 

9.00 

27.00 

18.10 

5.80 

21.00 

14.70 

2.60 

3.60 

4.30 

.70 

.60 

1.60 

15 

9.60 

25.90 

16.30 

23. 00  <  19. 10 

11.60  !  2.40 

4.90 

4.30 

.70 

.60 

1.50 

16 

11.40 

52.20 

14.70 

27. 10     16. 20 

9.60 

2.00 

5.10 

3.90 

.60 

.60 

1.70 

17 

12.20 

55.60 

13.20 

24.00  ;  14.00 

7.60 

1.70 

4.70 

3.30 

.50 

.60 

2.30 

18 

11.80 

54.70 

12.20 

20.00 

11.00 

6.70 

1.40 

3.70 

2.50 

.50 

.60 

2.40 

19 

12.00 

51.40 

11.30 

16.40 

11.00 

6.50 

1.30 

2.80 

2.10 

.50 

.60 

2.80 

20 

12.40 

46.50 

10.70 

18.90 

8.40 

6.90 

1.20 

2.20 

1.80 

.50 

.60 

2.10 

21 

11.80 

41.80 

9.90 

12.00 

6.90 

6.90 

1.20 

1.70 

1.40 

.50 

.70 

2.50 

22 

10.90 

87. 90       9. 30 

11.20 

6.20 

6.60 

1.30 

1.50 

1.30 

.50 

1.00 

2  40 

28 

11.20 

84. 60       8. 80 

10.70 

5.60 

6.40 

1.60 

1.30 

1.20 

.40 

1.00 

2.80 

21 

,  12.90 

31.80 

12.30 

9.90 

5.10 

6.70 

1.70 

1.10 

1.00 

.40 

1.10 

2.10 

25 

1  15.90 

28.40 

22.20 

8.90 

4.80 

4.90 

1.50 

1.00 

1.30 

.40 

1.00 

1.90 

28 

19.20 

25.90 

22.50 

7.00 

4.50 

4.40 

1.30 

.90 

1.20 

.40 

.90 

1.70 

27 

22.00 

23.80  '  20.00 

10.50 

4.30 

4.00 

1.20 

.80 

1.20 

.40 

1.00 

1.60 

28 

28.30 

23. 00  '  17. 00 

33.50 

5.10 

8.50 

.90 

.80 

1.10 

.40 

1.70 

1.50 

29 

23.10 

14.40 

33.90 

6.10 

3.10 

.90 

.60 

I.IO 

.40 

1.70 

1.40 

30 

22.10 

*12. 40 

29.00 

12.00 

2.80 

.80 

.60 

1.10 

.40 

1.50 

3.70 

31 

20.40 

10.90 

14.10 

.80 

.20    

.40 

7.60 

Bl€Lck  Warrior  Tiiver »  at  TugcalooMay  Alabama ^  for  1S94. 


Fob.  I  Mar. 


Apr.    May.  Juue.  July. 


1 

10.30 

2 

9.60 

8 

7.90 

4 

6.20 

S 

5.40 

6 

6.40 

7 

16.80 

8 

22.60 

9 

19.70 

10 

26.90 

11 

34.50 

12 

35.80 

13 

30.90 

14 

25.80 

15 

22.20 

16 

23.60 

17 

24.80 

18 

22.40 

19 

19.30 

20 

15.90 

21 

14.10 

22 

18.60 

23 

21.30 

24 

19.90 

25 

17.60 

26 

15.50 

27 

14.00 

28 

12.40 

29 

11.10 

30 

10.00 

31 

9.10 

8.50 
7.80 
7.30 
7.90 
16.90 
22.60 
20.40 
17.80 
17.30 
26.00 
27.80 
25.40 
29.90 
32.10 
39.70 
26.00 
22.30 
19.10 
16.80 
16.00 
16.00 
17.00 
17.00 
16.10 
17.30 
29.30 
31.00 
28.80 


27.00 
25.60 
23.60 
21.00 
18.20 
15.90 
14.80 
14.40 
13.80 
12.60 
11.60 
11.50 
16.50 
17.30 
15.80 
15.50 
83.10 
86.70 
33.70 
20.50 
27.80 
20.30 
29.60 
28.00 
27.80 
25.80 
22.10 
19.00 
16.10 
14.30 
12.70 


11.40 
14.10 
23.50 
24.00 
22.20 
20.60 
18.90 
16.30 
14.70 
15.70 
25.00 
25.60 
22.70 
19.50 
16.30 
15.50 
16.00 
17.00 
25.30 
24.80 
24.00 
20.40 
17.30 
14.20 
12.20 
10.50 
9.80 
8.70 
7.90 
7.00 


6.50 
5.00 
5.90 
5.80 
5.50 
5.20 
5.10 
4.90 
4.50 
4.10 
8.70 
3.90 
4.30 
7.00 
6.20 
5.70 
5.10 
5.00 
4.70 
4.30 
8.60 
3.10 
2.80 
2.60 
2.40 
2.30 
2.10 
2.10 
2.00 
1.90 
1.90 


1.70 

1.00 

1.50 

1.35 

1.33 

1.20 

1.20 

1.10 

.95 

.90  I 

.80 

.80 

.70 

.60 

.60 

.60 

.55 

.50 

.60  I 

.70 

.85 

.80 

.05 

1.10 

1.00 

1.05 

1.40 

1.70 

2.35 

2.00 


2.50 

1.80 

1.35 

1.10 

.80 

.60 

1.00 

1.30 

.70 

.70 

.60 

.60 

.50 

.50 

.60 

.70 

.75 

.70 

.70 

.60 

.50 

.00 

1.30 

1.35 

1.60 

1.50 

1.40 

1.30 

.20 

1.10 

1.20 


Aug. 

Sept. 
5.80 

1.20 

1.30 

4.60 

1.40 

3.60 

1.95 

2.95 

2.30 

2.45 

2.40 

2.05 

2.00 

1.85 

1.60 

1.75 

1.30 

1.65 

1.10 

1.60 

.80 

1.85 

.70 

3.40 

.60 

5.60 

.50 

7.  TiO 

.35 

5.70 

.GO 

4.20 

.55 

3.25 

.45 

3.50 

.40 

3.25 

.55 

3.35 

1.00 

4.10 

1.35 

3.60 

3.80 

2.00 

5.30 

2.20 

9.20 

1.75 

16.00 

1.45 

20.40 

1.20 

16.00 

1.05 

11.80 

.90 

8.30 

.70 

6.80 

Oct. 

Nov. 

Dec. 

0.55 

—0.05 

—0.05 

.45 

—  .10 

-  .06 

.40 

—  .20 

.00 

.32 

—  .25 

.00 

.25 

—  .30 

.00 

.20 

—  .30 

.00 

.15 

—  .80 

.00 

.00 

—  .30 

+  .05 

—  .10 

—  .30 

.05 

—  .20 

—  .30 

.50 

—  .26 

—  .30 

2.10 

-  .30 

—  .30 

5.70 

—  .30 

—  .30 

10.40 

—  .30 

—  .15 

11.20 

—  .30 

.00 

8.90 

—  .30 

+  .05 

6.40 

—  .30 

.05 

4.00 

—  .30 

.05 

3.90 

—  .80 

.00 

3.20 

—  .30 

—  .10 

2.90 

—  .30 

—  .10 

2.60 

—  .30 

—  .10 

2.20 

—  .30 

—  .10 

2.00 

.35 

.00 

1.80 

—  .40 

.00 

1.70 

—  .40 

.00 

2.00 

—  .45 

—  .05 

7.70 

—  .45 

-  .05 

9.70 

—  .45 

—  .05 

8.40 

—  .20 

—  .06 

7.20 

—  .05 

-  .06 

6.50 

^Becord  from  United  States  Engineer  Oflioe. 
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RIVER   HEIGHTS   FOR   1896. 


[NO.  11« 


Black  Warrior  Biver^  at  T«iealoo$a,  Aldbamai  for  1895, 


Day. 
1 

Jan. 

Feb.     Har. 

1 

Apr. 

May 

Jane.' 

July. 

Aug.  Sept. 

Oct 

Nov. 

Deo 

6.10 

24. 10  !    8. 60 

16.20 

15.20 

7.00 

4.80 

1.80 

1.90 

0.10 

-0.04 

0.75 

2 

5.40 

21. 50  :  13. 20 

14.50 

18.00 

5.90 

4.50 

1.60 

1.80 

.00 

+  .07 

.95 

3 

6.8) 

21. 40     35.  30 

12.60 

11.00 

5.10 

6.40 

1.30 

1.80 

-  .07 

.12 

1.05 

4 

9.00 

21.40  ;  36.70 

11.00 

9.40 

4.00 

7.60 

1.20 

1.70 

—  .10 

.09 

1.00 

5 

8.80 

19.  90  '  32. 40 

10.20 

8.30 

4.20 

17.40 

1.20 

1.90 

—  .10 

.  .11 

.90 

0 

8.00 

17.  90     27. 80 

8.40 

7.40 

0.70 

17.70 

1.20 

2.80 

—  .10 

.25 

1.30 

7 

7.40 

16. 50     23. 80 

7.90 

7.00 

6.70 

18.40 

1.10 

3.05 

—  .10 

.31 

1.50 

8 

35.00 

10.  80     20. 60 

20.50 

8.20 

5wl0 

15.70 

1.00 

3.70 

.00 

.30 

1.45 

9 

50.60 

16.  90     20. 10 

24.00 

13.50 

4.30 

13.10 

.90 

3.40 

—  .03 

.28 

1.90 

10 

49.80 

15.  80  !  19.  30 

21.20 

19.70 

3.80 

11.10 

.97 

2.90 

—  .07 

.70 

1.80 

11 

45.10 

14. 60     17. 50 

18.80 

23.30 

3.10 

9.80 

1.40 

2.40 

—  .10 

1.20 

1.45 

12 

40.10 

14.10     17.20 

15.10 

22.00 

2.70 

7.90 

1.50 

2.20 

—  .14 

1.10 

1.40 

13 

35.00 

13. 90     18. 40 

12.60 

18. 50 

2.40 

6.50 

1.40 

2.10 

-  .14 

1.18 

1.40 

14 

29.80 

12. 80     24. 90 

11.00 

15.20 

2.20 

5.30 

1.30 

2.00 

+  .00 

1.35 

1.37 

15 

25.70 

11.60  !  37.50 

9.50 

12.20 

2.00 

5.40 

1.10 

1.80 

.04 

1.85 

L33 

16 

23.40 

10. 50     47. 40 

8.60 

9.70 

2.00 

5.60 

1.90 

1.60 

—  .08 

1.28 

1.23 

17 

31.20 

9.40 

52.00 

10.00 

8.00 

2.70 

5.90 

1.40 

1.40 

—  .18 

1.20 

1.12 

18 

32.00 

9. 00     47. 30 

15.90 

6.90 

3.80 

6.80 

2.00 

1.40 

—  .27 

1.05 

1.05 

19 

39.20 

9.00 

42.10 

15.80 

6.30 

4.20 

5.10 

4.00 

1.30 

—  .31 

.88 

1.02 

20 

25.80 

9.50 

38.80 

14.00 

5.90 

4.90 

4.60 

4.30 

1.00 

-  .37 

.82 

1.57 

21 

23.10 

10.20 

48.70 

12.00 

5.30 

4.70 

4.00 

8.00 

1.20 

-  .42 

.70 

2.  f.5 

22 

21.00 

10.90 

51.30 

10.40 

4.80 

4.30 

3.00 

2.  HO 

1.50 

—  .45 

.60 

2.60 

23 

21.60 

11.40 

47.60 

8.90 

4.30 

4.10 

3.40 

2.40 

1.30 

.50 

.50 

3.o:t 

24 

19.80 

11.30 

42.10 

8.00 

4.10 

3.70 

3.30 

4.30 

1.10 

—  .35 

.75 

3.05 

25 

17.40 

10.90 

37.30 

7.20 

4.00 

3.40 

3.60 

4.90 

.80 

_  .33 

.00 

3.31 

26 

16.70 

10.30 

32.80 

7.00 

4.30 

3.00 

3.70 

4.00 

.60 

-  .53 

.38 

4.50 

27 

20.00 

9.70 

29.10 

7.10 

5.60 

4.40 

3.30 

3.20 

.85 

-  .70 

.64 

10.40 

28 

21.20 

9.00 

26.10 

12.50 

11.00 

5.40 

2.90 

2.40 

.10 

—  .68 

.66 

21.02 

29 

22.00 

23.60 

15.00 

13.30 

6.00 

2.40 

2.30 

.50 

-  .67 

.65 

16.88 

30 

27.40 

21.10 

16.40 

11.20 

5.40 

2.00 

2.10 

'.30 

—  .50 

.60 

13.10 

31 

27.10 

18.60 

8.90 

2.10 

2.00 

—  .32 

11.07 

Hlaok  Warrior  Iliiter  >  at  Tuacalooaa,  A  labama,  for  189G, 


Day. 


1 

2 

3 

4 

5 

6 

7, 

8 

9 

10 

11 

12 

13 

14 

15 

10 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 


11.41 

10.20 

8.00 

7.60 

0.55 

5.74 

5.09 

5.24 

5.76 

6.46 

0.58 

6.25 

5.79 

5.20 

4.82 

4.87 

0.03 

8.61 

9.14 

8.53 

7.87 

8  85 

22.48 

29.26 

26.52 

22.44 

18.55 

14.92 

12.14 

10.18 

8.88 


Feb. 


7.92 

8.51 

21.08 

33.12 

30.02 

30.75 

35.02 

35.08 

36.21 

36.52 

33.  65 

29.45 

25.97 

27.41 

33.25 

31.02 

27.30 

23.05 

20.09 

17.00 

14.45 

12.20 

10. 82 

9.13 

8.60 

8.35 

7.90 

7.40 

7.00 


Har. 


0.91 
7.66 
7.41 
6.74 
6.14 
6.64 
10.18 
12.04 
14.89 
13.69 
12.45 
13.97 
16.15 
15.36 
13.66 
13.86 
22.80 
27.75 
29.70 
37.68 
37.92 
33.55 
29.12 
25.85 
2:^54 
21.28 
18.72 
16.35 
14.30 
12.69 
11.40 


Apr. 


10.61 

14.78 

23.00 

23.50 

19.85 

16.  70 

14.20 

12.55 

11.20 

10.02 

9.04 

8.33 

7.62 

7.86 

11.65 

13.00 

12. 36 

10.57 

9.03 

7.81 

6.88 

6.15 

5.66 

5.67 

5.76 

5.30 

5.20 

10.47 

16.06 

14.18 


May. 

June. 

18.24 

4.92 

83.80 

4.28 

37.18 

3.50 

30.88 

5.44 

26.40 

5.24 

21. 93 

4.30 

17.88 

3.62 

13.95 

3.27 

10.80 

6.60 

8.60 

8.18 

7.11 

18. 39 

6.09 

15.13 

5.34 

10.77 

4.77 

7.66 

6.13 

5.60 

5.45 

4.33 

4.65 

4.74 

3.94 

4.20 

3.44 

6.18 

3.05 

6.00 

2.91 

5.32 

2.77 

4.91 

2.87 

4.46 

2.90 

4.19 

2.87 

4.04 

2.97 

3.37 

3.06 

2.85 

3.59 

2.  m 

H.52 

2. 54 

6.50 

2.21 

6.78 

July. 

Aug. 

1.94 

.53 

1.71 

.80 

1.44 

1.34 

1.48 

.89 

1.30 

.54 

1.15 

.42 

1.82 

..«>0 

2.20 

.00 

Sept 


Oct. 


V 


K.40 
6.98 
5.37 
3.05 
2.99 
2.45 
2.16 
2.13 
2.15 
2.42 
2.46 
2.24 
2.16 
1.90 
1.71 
2.06 
2.53 
2.17 
1.70 
1.28 
.94 
.70 
.04 


—  .00    + 


.68 
.64 
.55 
.45 
.38 
.35 
.31 
.28 
.13 
.40 
.50 
.40 
.34 
.20 
.22 
1.06 
.95 
.79 
.77 
1.35 
1.30 
.95 
.60 


0.38 
.25 
.15 
.05 
00 
.15 
.23 
.30 
.37 
.44 
.44 
.46 
.50 
.00 
..'»9 
.59 
.00 
.60 
.60 
.61 
.04 
.64 
.30 
.45 
.61 
.64 
.71 
.76 
.67 
.55 


—0.52 

—  .62 

—  .66 

—  .20 
.78 
.74 
.68 
.40 
.09 
.15 
.28 
.28 
.48 
.49 
.46 
.43 
.60 
.63 
.78 
.82 
.82 
.84 
.84 
.78 
.80 
.82 
.82 
.78 
.80 
.80 
.78 


Nov. 

Deo. 

—0.78 

7.70 

—  .77 

6.32 

—  .42 

4.63 

-  .39 

3.40 

-  .33 

2.60 

-.19 

2.05 

-  .19 

1.70 

-  .17 

1.47 

—  .18 

1.21 

-  .21 

1.10 

—  .30 

.89 

-  .20 

.84 

—  .22 

.80 

—  .11 

.75 

—  .10 

1.20 

-  .01 

1.25 

f  .26 

1.25 

.46 

1. 00 

.52 

1.90 

.45 

1.70 

.39 

1.50 

.38 

1.33 

.38 

1.20 

.37 

.08 

.37 
.37 
.08 
.09 
.33 
1.00 


.92 

.77 
.71 
.59 
.52 
.48 
.48 


I  Record  from  United  States  Engineer  Office. 
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1.... 

2.... 

3.... 

4.... 

5... 

6.... 

7..., 

8... 

9.... 
10.... 
11... 
12.... 
13... 
14.... 
16... 
16... 
17... 
18... 
19... 

ao... 

21... 
22... 
23... 
24... 
25... 
20... 
27... 
28... 
29... 
30... 
31... 


Greenhrier  Birer  at  Alder$on,  We$t  Virginia, 


Mar. '  Apr.  May. '  June. 


2. 
3. 
2. 
2. 
2. 
2. 
1. 
1. 
1. 
2. 
2. 
2. 
2. 
2. 
2. 
I. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
2. 
4. 
3. 
3. 
2. 
2. 
2. 
2. 


45 
08 
65 
25 
45 
40 
90 
93 
95 
10 
05 
05 
05 
80 
20 
70 
70 
72 
73 
73 
82 
85 
90 
05 
20 
03 
23 
85 
60 
38 
30 


2.25 
2.27 
4.95 
6.30 
4.55 
3.55 
4.80 
4.20 
3.00 
3.40 
3.15 
2.85 
2.20 
5.80 
5.50 
4.15 
3.60 
3.05 
2.85 
2.60 
2.38 
2.42 
2.38 
2.25 
2.45 
2.33 
2.28 
2.22 
2.28 


2.50 
2.82 
2.70 
2.50 
2.35 
2.33 
2.30 
2.40 
2.60 
2.70 
2.60 
2.90 
3.00 
2.75 
2.85 
2.95 
6.76 
5.60 
4.50 
6.40 
6.20 
4.50 
4.35 
4.15 
4.15 
3.85 
3.80 
3.70 
3.15 
alO.50 
8.88 


7.00 
6.60 
5.80 
4.40 
3.85 
3.20 
3.10 
2.95 
3.00 
3.05 
3.10 
3.15 
3.05 
3.00 
2.08 
2.95 
2.75 
2.60 
2.55 
2.60 
2.40 
2.35 
2.35 
2.40 
3.10 
3.05 
3.00 
2.80 
2.68 
2.65 


3.05 
8.35 
3.06 
4.15 
4.60 
3.70 
3.23 
2.95 
2.85 
2.65 
2.45 
2.85 
2.25 
2.25 
2.65 
2.55 
2.30 
2.10 
2.05 
2.06 
2.30 
2.40 
2.50 
2.50 
2.60 
2.65 
2.55 
2.45 
2.42 
2.28 
2.17 


2.07 
1.97 
1.90 
1.88 
1.85 
2.00 
2.C5 
2.20 
2.20 
2.20 
2.70 
2.48 
2.20 
2.10 
2.00 
2.05 
2.08 
2.10 
2.05 
2.08 
2.05 
1.97 
1.95 
1.90 
1.05 
3.20 
3.75 
3.20 
3.10 
2.80 


July. 

Aug. 
4.50 

Sept. 
1.63 

Oct. 
6.60 

Not. 
1.67 

Dec. 
4.75 

2.47 

2.25 

3.75 

1.60 

4.02 

1.73 

3.85 

2.20 

4.35 

1.55 

3.20 

1.70 

3.40 

2.10 

3.55 

1.60 

2.80 

1.80 

8.05 

2.35 

3.05 

1.55 

2.55 

7.67 

2.80 

2.30 

2.72 

1.60 

2.38 

9.60 

2.65 

2.55 

2.50 

1.60 

2.20 

4.86 

2.60 

a3.08 

2.35 

1.60 

2.10 

3.60 

2..W 

6.95 

2.25 

1.63 

2.00 

3.15 

2.45 

0.40 

2.10 

1.64 

1.95 

2.85 

2.65 

4.28 

2.10 

1.60 

1.90 

2.60 

3.10 

3.47 

2.10 

1.57 

1.85 

2.48 

2.93 

3.03 

2.00 

1.55 

2.20 

2.40 

2.78 

2.85 

1.90 

1.53 

2.15 

2.30 

2.62 

2.58 

1.95 

1.55 

2.13 

2.25 

2.60 

2.48 

2.10 

1.05 

2.10 

2.15 

3.00 

2.42 

2.00 

1.75 

2.00 

2.10 

3.00 

2.40 

1.85 

1.63 

1.95 

2.05 

2.85 

2.35 

1.85 

1.57 

1.90 

2.03 

2.65 

2.28 

1.80 

1.75 

1.85 

2.00 

2.55 

2.15 

1.75 

1.70 

1.78 

2.00 

2.43 

2.10 

1.65 

1.70 

1.75 

2.09 

2.35 

2.07 

1.73 

1.64 

1.73 

2.20 

2.25 

2.58 

1.93 

1.69 

1.70 

•   2.22 

2.20 

2.64 

1.95 

1.60 

1.70 

•i.  20 

1.90 

5.38 

1.96 

1.53 

1.73 

2.18 

1.70 

3.85 

1.93 

1.53 

1.70 

2.15 

1.50 

3.10 

1.87 

1.65 

1.80 

2.15 

1.40 

2.80 

1.70 

1.62 

i.n 

2.45 

1.80 

2.55 

1.70 

4.93 

1.70 

5.55 

1.95 

a.  83 

1.67 

• 

1.70 

2.05 

a  Heavy  rain. 


New  River  at  Fayette,  West  Virginia. 


Day. 


1 
2 
3 
4 
5 

6 

7 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
28 
27 
28 
29 
30 
31 


Jan. 


3.10 
3.60 
4.80 
3.70 
3.10 
2.19 
1.75 
1.40 
1.20 
1.90 
3.00 
2.75 
2.90 
2.40 
2.60 
2.30 
2.10 
1.95 
2.00 
2.80 
2.50 
2.10 
2.40 
2.60 
6.00 
10.00 
8.10 
7.55 
6.70 
4.00 
4.00 


Feb. 


3.70 
4.90 
12.50 
11.80 
9.65 
7.80 
7.65 
11.55 
11.40 
8.65 
6.35 
4.15 
4.30 
7.90 
10.70 
0.00 
7.50 
5.00 
4.70 
4.20 
2.90 
2.35 
8.30 
4.05 
4.60 
4.80 
4.30 
4.00 
3.90 


Mar. 

Apr. 

3.75 

22.25 

3.30 

23.60 

2.95 

21.15 

2.60 

17.60 

2.20 

15.40 

2.00 

11.10 

3.40 

10.30 

3.70 

9.00 

4.50 

8.20 

4.00 

7.10 

3.35 

6.20 

3.70 

6.05 

4.15 

5.80 

5.00 

6.50 

6.00 

5.20 

11.00 

5.05 

14.93 

4.85 

15.76 

4.70 

16.05 

4.45 

13.00 

4.20 

11.50 

4.30 

11.00 

4.50 

10.15 

4.70 

9.40 

4.90 

8.85 

5.10 

8.15 

5.00 

7.50 

5.30 

6.60 

5.45 

7.40 

5.80 

18. 40 

6.00 

23.40 

May.  Juno, 


0.20 
6.60 
6.70 
7.05 
7.30 
7.00 
6.15 
5.20 
4.70 
4.55 
4.30 
4.05 
3.65 
3.30 
3.30 
3.40 
8.20 
3.05 
3.15 
3.25 
3.50 
3.75 
3.60 
6.90 
5.45 
6.00 
4.10 
4.00 
3.55 
3.20 
8.23 


2.85 
2.60 
2.75 
2.95 
3.55 
3.58 
3.35 
3.55 
3.75 
4.00 
3.85 
3.00 
3.60 
3.00 
2.70 
2.50 
2.40 
2.60 
3.00 
3.20 
3.40 
3.76 
4.00 
4.45 
5.15 
6.30 
8.00 
7.90 
7.53 
6.80 


July. 


6.08 
5.00 
4.10 
2.80 
3.00 
3.15 
3.45 
3.90 
17.30 
25.20 
14.50 
14.00 
13.05 
12.00 
8.60 
7.15 
6.05 
5.00 
4.10 
4.40 
5.40 
5.70 
4.95 
4.10 
4.45 
4.47 
4.20 
4.30 
4.60 
4.46 
4.85 


Aug.   Sopfc 


4.60 
5.10 
4.85 
4.50 
4.25 
4.00 
3.65 
3.00 
3.80 
3.60 
3.20 
2.95 
2.70 
2.10 
2.45 
2.40 
2.30 
2.05 
1.85 
1.40 
1.25 
1.35 
1.85 
1.50 
2.10 
2.35 
2.70 
2.40 
2.15 
1.76 
1.30 


1.10 

1.00 

.90 

.80 

.80 

1.00 

1.20 

2.50 

2.30 

2.00 

1.50 

1.25 

1.20 

1.15 

.90 

1.40 

1.30 

1.23 

1.00 

.90 

.00 

.90 

.80 

1.05 

1.10 

1.10 

I.IU 

1.10 

.70 

.80 


Ovt. 


14.90 
9.45 
6.00 
4.50 
3.45 
3.10 
2.65 
2.05 
1.40 
1.90 
1.65 
1.70 
2.10 
2.80 
3.30 
3.00 
2.80 
1.95 
1.10 
.85 
.60 
.40 
.50 
1.45 
1.30 
1.20 
1.00 
.70 
1.40 
.60 
1.80 


Nov.       Dec 


1.25 
1.00 
1.30 
2.15 
6.98 
17.10 
13. 25 
6.53 
7.65 
6.30 
4.85 
3.00 
3.20 
3.50 
3.60 
3.55 
3.25 
2.90 
2.45 
2.45 
2.60 
2.00 
3.00 
2.05 
2.70 
2.72 
2.70 
3.10 
7.45 
8.30 


12.80 
11.50 
8.08 
7.40 
5. 80 
5,32 
4.95 
4.4U 


0.30 
5. 60 
5.00 
4.65 
4.05 
3.70 
3.00 


2.00 
2.75 
2.90 
2.50 
2.70 


No  obaervations  December  9  to  17;  wire  gage  broken. 
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RIVER   HEIGHTS   FOR   1896. 


[no.  11. 


French  Broad  JRiver  at  Ashevillef  North  Carolina. 


2. 

3. 
4. 

5. 
0. 

7. 
a. 

9. 
10. 
11. 
12. 
13. 
U. 
15. 
10. , 
17. 
18. 
19.. 
20., 
21.. 
22. 
23.. 
21.. 
25.. 
28.. 
27.. 
28.. 
29.. 
30.. 
31.. 


Day. 


Jan. 


3.80 
3.40 
3. 30 


20 
20 


3.30 
3.15 
3.10 
3.00 
2.75 
2.00 
2.90 
2.85 
2.85 
2.  75 
2.80 
2.80 
3.40 
3.20 
3.15 


Feb. 


3.15 
3.10 
5.30 
6.50 
5.80 
4.40 
3.95 
3.75 
3.00 
3.40 
3.40 


8.40 
3.40 
4.00 
8.70 
3.60 
4.65 
4.00 
4.43 
5.45 
4.70 
4.20 
3.95 
4.85 
4.45 
3.95 
3.80 
3.70 
3.60 
3.50 
3.40 
3.40 
3.30 
3.35 
3.35 
3.30 
3.35 
3.25 
3.35 
3.30 


Mar. 


3.60 
3.40 
3.40 


3. 
3. 
3. 


10 
70 
30 


3.20 
3.20 
3.30 
3.20 
3.15 
3.10 
3.10 
3.50 
3.25 
3.30 


Apr. 

May. 

June. 
2.90 

July. 

Aug. 
3.20 

Sept. 

Oct. 

Nov. 

Dec. 

3.80 

2.80 

2.50 

2. 50     2. 05 

2.75 

5.80 

4.20 

3.20 

2.90 

2.55 

3.10 

2.  03  1  2. 03 

2.05 

4.60 

3.70 

4.00 

2.90 

2.03 

3.25 

2. 70     2.  00 

2. 06 

4.10 

3.45 

4.10 

3.13 

2.85 

3.10 

2. 73     2. 50 

2.85 

3.80 

3.30 

3.00 

2.90 

2.80 

2.90 

2.95     2.46 

0.10 

3.80 

3.27 

3.70 

2.90 

4.10 

2.85 

3. 20     2. 43 

5.50 

3.00 

3.26 

3.50 

2.73 

5.10 

2.85 

8. 10     2. 40 

5.43 

3.50 

3.20 

3.20 

2.70 

9.85 

2.90 

2.90  ,  2.40 

3.45 

3.40 

3.15 

3.20 

3.15 

8.73 

2.85 

2.  05     2. 40 

3.35 

3.40 

3.15 

3.07  '  2.90 

7.00 

3.00 

2.53 

2.40 

3.25 

3.30 

3.02 

3.05 

2. 75 

0.10 

3.00 

2.55 

2.40 

2.75 

3.25 

3.50 

3.05 

2.70 

5.00 

2.95 

2.85     2.46 

3.50 

3.25 

3.25 

3.03 

2.07 

4.80 

2.80 

2.65 

2.50 

4.25 

3.20 

3.25 

3.05 

2.05 

4.50 

2.85 

2.55 

2.05 

4.23 

3.20 

3.15 

2.87 

2.60 

4.30 

2.95 

2.57 

2.65 

4.20 

3.25 

3.10 

2.80 

2.00 

4.25 

3.25 

2.57 

2.46 

3.85 

8.30 

2.95 

2.70 

3.15 

4.15 

2.95 

2.65 

2.43 

3.76 

3.30 

2.90 

2.70 

8.30 

4.03 

2.80 

2.53 

2.40 

3.83 

3.25 

2.93 

2.70 

3.39 

3.80 

2.78 

2.50 

2.43 

3.50 

3.10 

2.93 

2.70 

3.18 

3.75 

2.  80     2.  40 

2.40 

2.05 

3.10 

2.93 

2.70 

2.95 

3.70 

2.  80     2. 40 

2.45 

2.93 

3.05 

2.95 

2.90 

3.00 

3.05 

2.  65  '  2. 37 

2.42 

2.90 

3.05 

2.95 

3.05 

3.14 

3.03 

2.  75     2.  50 

2.45 

2.70 

3.14 

2.95 

3.10 

3.15 

3.00 

2. 70     2. 50 

2.46 

2.85 

3.00 

2.92 

3.00 

3.15 

3.55 

2. 70     2.  46 

2.45 

2.80 

2.95 

2.80 

2.70 

2.93 

3.35 

2. 70     2. 45 

2.45 

2.90 

2.90 

2.82 

3. 05     2. 80 

3.40 

2.  CO  1  2. 35 

2.45 

3.10 

2.90 

2.82 

2.75 

3.05 

3.  50 

2.  60     3. 00 

2.47 

4.05 

2.87 

2.82 

2.75 

2.75 

3.40 

2.r)0  1  2.70 

2.50 

4.95 

2.85 

2.80 

2.73 

2.03 

3.35 

2.  50  '  2. 67 

2.50 

0.20 

2.83 

2.70 

3.25 

2.50    

2.45 

2.83 

Tuckanetigee  River ,  three  mileii  above  Bryson,  North  Carolina. 


Day. 


1.... 

2.... 

3.... 

4..-- 

5.... 

6.... 

7... 

8...- 

9.... 
10.... 
11.... 
12.... 
13.... 
14.... 
15... 
10.... 


July. 


2.19 
2.31 
2.25 
2.30 
2.63 
4.90 
4.20 
8.05 
6.00 
4.50 
4.00 
4.30 
3.90 
3.60 
3.40 
4.10 


i 


Aug. 

Sept 
1.88 

Oct. 
2.10 

Nov. 
2.00 

Dec. 

2.70 

4.30 

2.00 

1.80 

1.90 

1.85 

3.60 

2.60 

2.00 

1.85 

1.80 

3.30 

2.50 

1.90 

1.80 

2.80 

3.10 

2.15 

2.10 

1.77 

4.45 

3.00 

2.50 

2.50 

1.75 

2.80 

2.90 

2.70 

2.10 

1.72 

2.40 

2.80 

2.50 

2.05 

1.70 

2.30 

2.70 

2.50 

2.00 

1.70 

2.20 

3.00 

2.50 

1.96 

1.70 

2.10 

2.70 

2.50 

2.10 

1.70 

2.00 

2.05 

2.40 

2.00 

2.00 

5.00 

2.00 

2.25 

1.98 

1.90 

3.30 

2.55 

2.30 

1.90 

1.90 

2.00 

2.50 

2.25 

2.10 

1.85 

2.40 

2.80 

2.00 

2.10 

1.70 

2.00 

2.70 

Day. 


17 
18 
19 
26 
21 
22 
23 
24 
25 
20 
27 
28 
29 
30 
31 


July. 


3.70 
3.70 
3.20 
3.30 
5.00 
0.00 
3.97 
3.80 
3.70 
3.40 
3.30 
3.20 
3.03 
2.90 
2.80 


Aug. 

Sept. 

Oct. 

2.40 

2.10 

1.70 

2.20 

2.05 

1.70 

2.10 

2.10 

1.70 

2.10 

2.10 

1.70 

2.15 

1.85 

1.70 

2.10 

2.80 

1.70 

2.10 

2.20 

1.70 

2.20 

2.00 

2.00 

2.20 

1.85 

1.80 

2.70 

1.80 

1.70 

2.10 

1.80 

1.70 

2.05 

1.80 

1.70 

2.00 

1.80 

1.80 

1.90 

2.30 

2.00 

1.K8 

2.70 

Nov. 

De<J. 

2.40 

2.60 

2.30 

2.05 

2.25 

2.60 

2.20 

2.20 

2.20 

2.40 

2.15 

2.:!0 

2.10 

2.40 

2.05 

2.20 

2.  to 

2.10 

2.00 

2.05 

3.30 

2.30 

3.10 

2.20 

5.10 

2.30 

0.50 

2.  :J5 

2.30 

JAttle  Tennessee  River  at  Judeon,  North  Carolina. 


Dftv. 


1 

2 

3 

4 

5 

6 

7, 

H 

9 

10 

11 

12 

13 

14 

15 

10 


July. 
2.70 

Aug. 

Sept. 
2.00 

Oct. 
2.90 

Nov. 
3.10 

Dec. 
7.70 

3.35 

2.80 

3.30 

2.00 

2.80 

2.90 

0.30    ' 

2.77 

3.30 

2.70 

2.78 

2.80 

5.30    ' 

2.95 

3.30 

2.80 

2.88 

2.99 

4.30 

2.85 

3.21 

2.90 

2.00 

5.70 

4.40 

3.82 

3.19 

2.90 

2.53 

4.65 

4.30 

4.22 

3.15 

2.80 

2.65 

3.30 

4.20 

8.70 

3.13 

2.00 

2.54 

3.30 

4.10 

8.80 

3.19 

2.55 

2.53 

3.51 

4.10 

5.70 

3.21 

2.53 

2.53 

3.60 

4.90 

8.95 

3.12 

2.50 

3.40 

4.80 

4.65 

3.10 

2.04 

4.30 

3.88 

4.50 

3.20 

2.03 

5.70 

3.80 

4.20 

3.10 

2.63 

4.80 

3.89 

3.95 

3.00 

2.84 

4.20 

4.30 

4.00 

8.70 

2.75 

3.30 

4.00 

Day. 


17 
18 
19 
20 
21 
22 
23 
24 
25 
20 
27 
28 
29 
80 
31 


July. 

Aug. 
3.00 

Sept. 

4.00 

2.70 

3.05 

3.10 

2.70 

3.04 

3.00 

2.00 

3.70 

3.00 

2.70 

3.70 

3.20 

2.70 

4.10 

3.85 

2.07 

5.11 

2.83 

2.18 

4.28 

2.92 

2.08 

4.20 

3.00 

2.00 

4.10 

3.00 

2.54 

8.85 

2.80 

2.60 

3.92 

2.80 

2.00 

3.80 

2.90 

2.00 

3.50 

2.80 

3.30 

3.46 

(a) 

Oct. 


3.10 
2.90 
2.90 
2.80 
2.90 
3.10 
3.00 


Nov. 

Doc. 

3.70 

4.53 

3.08 

3.83 

3.00 

3.88 
3.S) 

3.50 

3.50 

3.80 

3.50 

3.79 

3.50 

3.78 

3.50 

3.78 

3.40 

3.75 

3.50 

3.45 

3.60 

3.46 

3.70 

3.54 

0.10 

3.40 

7.70 

8.01 

»■«■■« 

3.00 

a  Rope  broken. 
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GAGE   HEIGHTS  IN  OHIO  RIVER   BASIN. 
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£R«MWM0  Biver  at  Murphy,  North  Carolina. 


Bmy. 

July. 

Aug. 

Sept. 
8.65 

Oct. 
8.74 

Not. 
8.66 

Deo. 

Day. 

July. 

Aug. 
3.78 

Sept. 

Oct. 

Not. 

Deo. 

8.72 

4.02 

6.20 

17 

4.48 

3.60 

8.66 

4.60 

4.05 

8.70 

4.02 

8.61 

3.68 

3.70 

4.70    , 

18 

4.54 

8.74 

3.60 

8.56 

8.96 

4.00 

8.75 

4.11 

3.62 

8.66 

3.72 

4.52    ' 

19 

4.35 

8.70 

8.68 

8.60 

8.91 

4.00 

4.00 

3.96 

8.61 

3.60 

4.90 

4.52 

20 

4.28 

8.68 

3.56 

3.60 

3.90 

4.00 

5 

3.00 

8.00 

3.61 

3.63 

4.10 

4.20 

21 

4.32 

8.70 

3.66 

3.60 

3.90 

4.00 

4.62 

8.00 

3.00 

3.65 

3.90 

4.20 

22 

4.60 

3.70 

3.62 

3.66 

3.86 

4.00 

4.96 

3.95 

3.66 

8.60 

3.00 

4.15 

23 

5.10 

8.66 

3.86 

3.60 

3.80 

3.95 

6.72 

8.00 

3.62 

3.51 

3.90 

4.10 

24 

4.61 

3.90 

3.60 

3.90 

3.80 

3.05 

6.96 

3.86 

3.60 

3.60 

3.82 

4.30 

25 

4.40 

3.80 

3.60 

8.70 

3.80 

3.95 

iU. • • • . 

6.24 

4.00 

3.60 

8.65 

3.80 

4.10 

26 

4.30 

3.72 

3.60 

8.62 

3.84 

3  90 

11 

4.75 

3.90 

3.60 

3.66 

3.76 

4.10 

27 

4.30 

3.72 

3.60 

3.62 

4.00 

3.90 

12 

4.82 

3.81 

3.67 

3.65 

7.63 

4.10 

28  .... 

4.25 

3.70 

8.66 

3.65 

4.00 

3.90 

13 

4.77 

3.81 

3.66 

8.72 

5.40 

4.05 

29 

4.12 

3.70 

3.60 

8.74 

6.03 

3.00 

14 

4.65 

3.72 

3.58 

3.65 

4.53 

4.02 

30 

4.01 

3.66 

4.20 

3.80 

6.10 

3.90 

15 

4.42 

3.75 

3.80 

3.65 

4.30 

4.10 

31 

4.03 

3.65 

8.82 

3.90 

16 

4.55 

3.92 

3.62 

3.60 

4.12 

4.06 

1 

Tennessee  Biver  at  Chattanooga,  Tennessee,  for  1S90. 
[Fnmiahed  by  L.  M.  PindeU,  observer  in  oh%rgo,  United  States  Weather  Bureau.] 


Day. 

Jan. 

4.9 
6.2 
5.1 
6.0 
5.0 
4.8 
4.7 
4.6 
4.7 
4.9 
4.7 
4.6 
4.6 
4.0 
4.6 
5.4 
7.2 
9.2 
8.2 
7.5 
7.0 
9.0 
13.0 
12.3 
11.7 
10.0 
8.3 
7.3 
6.6 
7.7 
8.3 

Feb. 

Mar. 

40.2 
42.5 
41.0 
34.4 
23.0 
15.1 
14.2 
14.4 
12.8 
11.2 
10.0 
9.2 
8.6 
8.7 
9.7 
13.7 
15.1 
14.9 
13.0 
11.7 
12.4 
14.0 
20.0 
25.5 
27.2 
26.0 
21.4 
15.4 
13.0 
11.0 
10.7 

Apr. 

May. 

7.5 
7.1 
0.7 
6.8 
7.0 
7.5 
8.0 
9.1 
8.7 
8.7 
8.1 
7.7 
7.2 
6.7 
6.6 
7.8 
0.3 
8.6 
7.9 
8.8 
10.7 
11.9 
11.9 
11.6 
9.2 
7.8 
7.4 
8.0 
8.1 
7.4 
6.8 

June. 

6.1 
6.6 
5.3 
6.3 
5.2 
5.3 
6.2 
4.9 
4.7 
4.5 
4.5 
4.4 
4.0 
3.9 
4.0 
4.1 
4.0 
3.0 
8.7 
3.6 
3.7 
3.8 
3.7 
3.8 
4.0 
4.0 
3.0 
3.0 
3.5 
3.1 

July. 

3.2 
2.0 
2.0 
3.0 
3.0 
3.0 
3.0 
2.9 
2.8 
2.7 
2.7 
3.0 
2.7 
2.5 
2.3 
2.1 
2.0 
2.2 
4.7 
4.7 
4.1 
3.5 
3.2 
3.2 
4.1 
5.0 
7.5 
7.7 
7.0 
6.3 
6.2 

1 
Aug. 

5.8 
5.2 
4.7 
4.7 
4.8 
4.5 
6.2 
5.7 
6.6 
7.5 
7.2 
6.3 
5.8 
5.2 
4.8 
4.2 
3.8 
3.7 
3.3 
3.1 
2.6 
2.5 
3.8 
4.0 
3.3 
3.8 
3.6 
3.0 
3.8 
5.4 
6.5 

Sept. 

7.6 
5.0 
5.7 
4.0 
3.6 
8.2 
3.6 
3.2 
2.8 
2.8 
3.0 
3.4 
3.6 
4.6 
4.0 
4.0 
3.7 
4.0 
5.3 
3.7 
3.7 
5.8 
3.5 
3.3 
3.4 
4.0 
4.3 
4.0 
3.8 
5.3 

Oct. 

9.4 
8.1 
7.7 
7.2 
6.4 
5.7 
5.2 
5.2 
5.5 
5.3 
4.8 
4.6 
4.4 
4.2 
3.9 
3.7 
3.7 
3.7 
4.2 
4.0 
4.0 
3.8 
5.3 
7.2 
8.8 
9.2 
9.5 
8.6 
7.6 
7.1 
7.0 

Nov. 

Deo. 

2.4 
2.4 
2.3 
2.3 
2.3 
2.6 
2.8 
2.9 
7.1 
8.1 
8.2 
7.7 
7.4 
6.4 
3.7 
4.2 
3.9 
3.9 
4.0 
4.0 
3.0 
3.9 
3.9 
3.9 
4.3 
4.6 
9.4 
12.5 
12.9 
12.4 
9.3 

I 

&0 

7.3 

7.3 

7.4 

7.2 

7.8 

8.3 

11.6 

19.3 

20.4 

17.8 

14.7 

12.0 

10.0 

9.8 

9.6 

9.0 

0.3 

8.6 

7.8 

7.3 

7.1 

7.2 

7.4 

12.1 

18.7 

26.4 

34.8 

10.0 

0.8 

9.4 

9.7 

12.2 

14.0 

18.6 

13.4 

11.9 

10.5 

0.6 

8.7 

8.0 

7.5 

7.1 

6.9 

7.1 

0.4 

16.6 

20.4 

18.2 

14.3 

11.3 

9.6 

8.7 

8.4 

8.4 

8.5 

8.4 

8.1 

6.8 
6.6 
5.7 
5.3 
5.0 
4  6 
4.4 
4.3 
4.0 
3.0 
3.8 
3.6 
3.5 
3.4 
3.3 
3.2 
3.2 
8.0 
3.2 
3.1 
3.1 
3.1 
2.9 
2.8 
2.8 
2.7 
2.6 
2.6 
2.6 
2.4 

2 : 

3 

4     

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

16 

16 

17 

18 

10 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 
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RIVER  HEIGHTS   FOR   1896. 


[no.  II. 


Tennessee  Biver  at  Chattanooga,  Tennessee,  for  1891, 


Jan. 

Feb. 

Mar. 

Apr. 

7.7 

9.8 

18.6 

16.4 

7.8 

13.2 

17.5 

16.3 

9. 9  i  16. 1 

15.6 

16.3 

14.1 

19.8 

13.3 

15.7 

15.5 

22.6 

15.4 

15.1 

15.2 

21.6 

20.0 

12.6 

10.4 

18.3 

23.6 

11.6 

8.2 

16.9 

29.1 

10.8 

7.1 

14.5 

34.5 

9.8 

6.3 

21.0 

37.5 

9.6 

6.5 

27.8 

38.0 

9.8 

8.9 

34.3 

37.0 

9.9 

10.7 

36.5 

33. 5 

10.6 

10.0 

37.5 

27.0 

11.3 

9.2 

35.5 

22.2 

12.2 

7.3 

29.0 

10.8 

10.8 

7.8 

21.1 

18.1 

9.4 

7.6 

19.7 

15.3 

8.4 

7.5 

18.2 

13.5 

K2 

7.6 

16.5 

12.3 

7.9 

7.3 

15.5 

11.3 

7.9 

8.2 

18.8 

10.8 

7.6 

12.5 

24.0 

10.7 

7.4 

15.3 

27.7 

10.8 

7.4 

14.0 

29.0 

10.6 

7.5 

13.6 

26.7 

10.4 

7.5 

11.2 

20.6 

10.6 

7.4 

9.7 

1».  0 

14.1 

7.2 

7.9 

13.6 

6.5 

7.9 

13.0 

6.2 

8.9 

13.1 

May  Juno. 


5.9 
5.7 
5.6 
5.5 
5.2 
5.1 
4.9 
4.7 
4.6 
4.5 
4.4 
4.3 
4.2 
4.1 
4.2 
4.2 
4.5 
4.7 
4.7 
4.6 
4.5 
4.3 
4.1 
4.0 
3.8 
3.9 
4.0 
4.1 
4.1 
4.7 
5.3 


5.8 
5.6 
5.3 
4.8 
4.4 
4.1 
3.9 
4.1 
4.6 
4.7 
5.5 
7.0 
6.5 
5.7 
5.5 
6.7 
5.8 
0.1 
6.8 
7.3 
6.8 
6.8 
6.5 
7.1 
7.4 
7.6 
6.2 
4.9 
4.3 
4.1 


July. 


3.9 
3.8 
8.0 
3.0 
3.0 
8.0 
3.4 
3.4 
3.3 
4.5 
5.1 
4.4 
8.9 
8.5 
3.1 
2.0 
2.8 
2.7 
4.1 
5.0 
4.5 
4.0 
3.8 
3.6 
3.5 
3.5 
3.5 
3.6 
3.7 
3.8 
5.7 


Aug. 

Sept 
6.4 

8.3 

10.3 

4.7 

15.1 

4.3 

16.4 

4.2 

12.0 

5.1 

8.7 

5.1 

6.9 

6.2 

6.8 

5.2 

5.1 

5.8 

4.6 

4.9 

4.4 

4.4 

4.0 

3.9 

4.0 

3.6 

3.9 

8.5 

3.8 

3.5 

3.6 

3.5 

3.5 

8  5 

3.4 

3.2 

3.0 

2.9 

3.0 

2.7 

3.4 

2.6 

4.0 

2.5 

4.6 

2.4 

5.5 

2.3 

5.6 

2.2 

7.7 

2.2 

8.2 

2.1 

8.1 

2.0 

7.0 

1.9 

6.4 

1.9 

6.1 

Oct 


1.8 
1.9 
1.9 
1.8 
1.8 
1.7 
1.7 
1.6 
1.7 
1.7 
1.8 
1.8 
1.7 
1.7 
1.7 
1.6 
1.6 
1.5 
1.5 
1.5 
1.5 
1.5 
1.6 
1.5 
1.5 
1.5 
1.5 
1.5 
1.4 
1.4 
1.4 


Nov. 


1.3 
1.3 
1.3 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.5 
1.7 
2.7 
3.6 
4.1 
3.5 
2.8 
2.5 
2.4 
2.5 
2.3 
2.4 
3.0 
4.6 
6.2 
6.7 
6.3 
5.6 
4.7 
4.0 


Dec. 


3.7 
3.2 
2.9 
2.8 
5.6 
6.1 
6.6 
8.6 
10.8 
10.9 
10.2 
8.5 
6.8 
5.7 
5.1 
5.0 
5.2 
5.3 
4.8 
4.5 
4.2 
4.0 
3.8 
3.7 
4.1 
4.9 
8.1 
10.2 
9.6 
8.4 
7.8 


Tennessee  Hirer  at  Chuitanooga,  TennesseCy  for  1893, 


Day. 

Jan. 

6.6 

6.6 

8.1 

8.8 

8.7 

8.4 

9.0 

9.8 

10.0 

9.3 

8.1 

8.3 

11.2 

22.  9 

32.0 

37.1 

37.9 

35.2 

20.3 

18.7 

19.0 

19.0 

17.4 

14.9 

12.2 

10.5 

9.7 

8.5 

7.7 

0.9 

6.8 

Feb. 

0.5 
0.2 
0.0 
5.8 
5.5 
5.4 
5.3 
5.8 
8.1 
11.5 
11.8 
10.5 
8.9 
7.7 
7.2 
7.4 
8.0 
7.9 
7.5 
7.7 
7.9 
8.9 
8.9 
8.4 
7.9 
7.5 
0.7 
0.4 
5.9 

Mar. 

6.7 
6.0 
5.5 
5.3 
5.1 
5.0 
4.0 
5.0 
0.0 
7.1 
8.0 
7.9 
7.0 
7.6 
6.8 
6.2 
5.9 
6.5 
7.5 
8.2 
8.2 
7.8 
7.6 
8.4 
9.6 
9.5 
10.0 
10.6 
10.3 
9.7 
9.4 

Apr. 

9.1 

8.3 

7.4 

6.8 

0.5 

8.5 

21.7 

31.0 

34.2 

34.3 

31.0 

26.6 

18.0 

12.9 

11.7 

10.9 

10.0 

9.4 

8.8 

12.3 

10.2 

16.3 

15.5 

14.8 

13.5 

13.7 

13.6 

10.4 

9.1 

&8 

May. 

Jiiue. 

5.6 
5.4 
5.5 
5.8 
8.8 
9.2 
9.3 
8.7 
8.6 
8.3 
7.8 
8.0 
8.1 
7.8 
6.0 
5.3 
4.8 
4.4 
4.4 
4.3 
7.0 
7.8 
7.4 
7.1 
6.9 
6.8 
6.7 
7.3 
7.5 
7.2 

July. 

6.6 
5.6 
5.5 
5.4 
6.6 
8.9 
11.2 
11.8 
10.1 
8.6 
9.0 
9.5 
9.4 
8.9 
8.7 
8.5 
8.4 
8.1 
7.5 
7.2 
6.9 
6.2 
5.6 
5.4 
6.2 
5.0 
4.6 
4.5 
4.3 
4.1 
8.8 

Aug. 

4.2 
4.1 
4.2 
4.0 
4.1 
4.9 
4.2 
3.8 
3.5 
3.3 
3.3 
3.1 
3.5 
3.6 
3.7 
3.5 
3.1 
2.9 
2.8 
2.8 
8.0 
2.9 
2.9 
3.0 
2.7 
2.8 
3.2 
3.6 
4.4 
3.8 
3.3 

Sept 

2.1 
1.8 
1.7 
1.5 
1.8 
2.2 
2.1 
2.0 
2.0 
1.9 
2.0 
1.8 
2.1 
2.1 
2.1 
3.1 
4.5 
4.1 
3.5 
3.0 
2.8 
3.0 
2.6 
2.8 
2.3 
8.6 
3.6 
3.1 
2.6 
2.4 

Oct 

Nov. 

Dec. 

1 

8.7 
8.2 
7.6 
7.3 
7.4 
7.0 
6.6 
0.3 
6.2 
5.9 
5.5 
5.7 
5.7 
5.5 
5.3 
5.2 
5.1 
4.8 
5.1 
5.5 
6.1 
0.5 
6.9 
7.1 
7.6 
7.8 
6.7 
6.2 
5.8 
6.7 
5.6 

2.2 
2.0 
1.9 
1.8 
1.7 
1.6 
1.0 
1.5 
1.5 
1.5 
1.5 
1.5 
1.4 
1.4 
1.4 
1.4 
1.4 
1.3 
1.3 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 

1.1 
1.2 
1.2 
1.6 
2.0 
2.3 
2.4 
2.4 
2.9 
4.4 
5.9 
6.6 
7.0 
4.4 
4.2 
4.8 
5.6 
6.2 
6.4 
6.2 
5.5 
4.8 
4.4 
4.2 
8.9 
3.4 
3.1 
3.0 
3.0 
3.6 

4.1 
4.0 
3.8 
3.7 
3.6 
3.6 
3.3 
3.2 
3.2 
3.0 
2.9 
2.7 
2.6 
2.0 
3.3 
3.4 
5.3 
8.1 
8.7 
8.4 
9.1 
9.3 
8.0 
7.8 
0.7 
5.8 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

5.2 

28 

4.8 
4.3 
3.9 
8.3 

29 

30 

81 
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Tennessee  Biver  at  Chattanooga,  Tennessee,  for  189S. 


Feb. 

Kar. 
8.4 

Apr. 

May. 

June. 

July. 

Aug. 
2.6 

Sept. 

Oct. 

Kov. 

10.4 

5.5 

10.2 

7.4 

8.9 

8.4 

2.6 

3.1 

12.1 

l\ 

5.3 

0.6 

8.0 

3.8 

2.5 

6.8 

2.5 

3.0 

10.  e 

6.1 

11.0 

10.0 

4.2 

3.1 

5.0 

2.4 

2.8 

8.0 

8.9 

5.1 

18.4 

8.1 

5.2 

3.5 

6.2 

2.4 

2.7 

8.0 

8.7 

5.1 

24.5 

6.G 

4.8 

3.3 

6.0 

2.6 

2.6 

7.7 

9.0 

5.2 

28.2 

8.3 

3.9 

3.2 

4.9 

2.5 

2.5 

7.0 

9.1 

5.4 

30.0 

16.0 

3.8 

4.9 

4.3 

2.9 

2.4 

6.5 

8.8 

n 

28.2 

20.7 

3.5 

5.0 

3.5 

3.1 

2.4 

6.1 

8.8 

18.0 

19.1 

3.4 

4.1 

3.2 

2.9 

2.3 

6.2 

0.4 

5.1 

12.8 

15.2 

3.6 

3.8 

2.8 

2.9 

2.4 

8.5 

11.1 

5.1 

11.7 

11.8 

8.4 

3.3 

2.8 

2.6 

2.5 

14,7 

11.7 

5.0 

10.4 

8.9 

3.4 

3.0 

3.7 

2.5 

4.8 

21.8 

11.5 

4.8 

9.4 

7.3 

3.3 

2.7 

5.8 

2.4 

3.8 

23.6 

12.0 

10.2 

8.8 

6.8 

8.2 

2.5 

10.0 

2.5 

3.6 

22.6 

10.6 

12.1 

8.1 

6.5 

3.0 

2.8 

12.7 

2.0 

3.5 

21.3 

9.5 

10.4 

7.8 

6.2 

2.8 

2.9 

0.6 

1.7 

3.0 

23.6 

8.4 

8.6 

9.4 

5.6 

2.7 

3.8 

8.0 

9.6 

2.8 

29.4 

7.6 

7.4 

10.4 

5.4 

2.8 

5.2 

7.0 

6.4 

2.7 

32.4 

7.0 

6.5 

8.9 

5.3 

3.0 

4.9 

6.1 

5.7 

2.5 

33.4 

6.7 

6.4 

7.7 

5.2 

3.2 

4.0 

5.1 

5.2 

2.6 

82.8 

6.3 

7.2 

7.4 

5.4 

3.5 

2.9 

4.2 

4.1 

2.6 

28.5 

6.0 

7.2 

6.7 

5.6 

3.6 

2.6 

3.6 

3.4 

2.6 

18.2 

5.8 

7.1 

6.1 

5.7 

4.6 

2.4 

3.4 

3.1 

2.5 

12.3 

5.7 

6.8 

5.7 

5.4 

5.2 

2.3 

3.2 

2.8 

2.5 

10.4 

6.4 

6.7 

5.4 

5.9 

5.5 

2.2 

3.0 

3.1 

2.4 

0.3 

6.8 

6.0 

5.2 

5.6 

3.7 

1.9 

2.9 

3.3 

2.5 

8.4 

6.8 

5.7 

5.0 

5.2 

3.4 

1.8 

2.7 

4.9 

2.6 

8.2 

6.3 

7.0 

4.6 

5.1 

2.9 

1.6 

2.6 

4.6 

2.8 

5.9 

9.5 

5.4 

4.7 

3.7 

1.6 

2.4 

4.0 

2.7 

5.8 

10.4 

6.5 

4.1 

2.6 

1.7 

2.5 

3.5 

2.5 

5.7 

7.4 

2.6 

1.6 

3.2 

Dec. 


2.5 
3.9 
3.7 
4.1 
4.3 
4.7 
4.7 
4.5 
4.1 
4.0 
3.7 
3.2 
3.1 
3.0 
2.9 
3.0 
3.2 
3.5 
3.8 
3.9 
8.9 
3.5 
3.3 
3.1 
2.0 
2.8 
2.7 
2.6 
2.5 
2.7 
3.1 


a  Frozen  at  gage. 


Tennessee  liiter  at  Chattanooga,  Tennessee,  for  1894, 


Day. 

Jan. 

Feb. 
5.1 

Mar. 

Apr. 

May. 
3.9 

June. 
3.8 

July. 
4.4 

Aug. 

Sept. 

Oct. 
0.9 

Nov. 

Dec. 
1.0 

1 

2.9 

7.7 

5.0 

2.0 

4.0 

1.4 

2... 

8.4 

5.0 

8.2 

4.8 

3.8 

3.0 

4.0 

2.0 

3.8 

.9 

1.7 

1.0 

3... 

3.8 

4.9 

9.4 

5.4 

3.7 

3.5 

3.7 

2.9 

3.0 

1.0 

2.3 

.9 

4... 

3.9 

5.5 

9.7 

5.3 

3.7 

3.4 

4.4 

2.8 

2.0 

1.5 

1.6 

.9 

5... 

3.5 

21.9 

9.5 

6.8 

3.6 

3.3 

4.2 

2.9 

2.1 

1.8 

1.4 

.9 

6... 

■■••*■•• 

3.1 

25.5 

9.3 

6.9 

3.5 

3.2 

3.7 

8.0 

2.0 

1.8 

1.5 

.9 

7.... 

4.9 

23.9 

8.5 

7.2 

3.4 

2.9 

3.2 

2.9 

1.8 

1.5 

1.5 

.9 

8... 

6.1 

19.7 

8.2 

7.4 

3.3 

2.8 

3.3 

2.9 

1.7 

1.3 

1.3 

.9 

9... 

9.3 

16.1 

7.9 

6.6 

3.4 

2.6 

3.1 

3.0 

1.5 

1.1 

1.2 

1.1 

10.... 

9.0 

16.0 

7.2 

5.7 

3.3 

2.5 

3.3 

2.6 

1.4 

1.0 

1.1 

1.2 

11.... 

8.5 

16.7 

6.9 

5.9 

3.2 

2.5 

3.7 

2.3 

1.4 

.8 

1.0 

1.6 

12... 

*•■•••»• 

7.9 

15.4 

6.6 

7.2 

4.7 

2.4 

8.3 

2.1 

1.4 

.9 

1.0 

3.8 

13.... 

8.3 

11).  2 

6.7 

8.5 

5.1 

2.3 

2.7 

1.9 

1.3 

1.2 

.9 

8.6 

14... 

8.0 

14.1 

7.2 

7.8 

4.8 

2.8 

2.4 

1.8 

1.2 

1.9 

.B 

11. 1 

15... 

7.8 

12.2 

7.0 

7.2 

4.3 

2.2 

2.1 

2.0 

1.5 

2.4 

.8 

11.2 

16... 

7.8 

10.3 

6.9 

6.7 

4.0 

2.1 

1.9 

3.6 

1.8 

2.1 

.8 

10.8 

17... 

7.1 

9.5 

6.8 

6.3 

4.1 

2.0 

1.8 

4.6 

1.8 

1.7 

.8 

8.6 

18... 

7.2 

8.6 

7.3 

5.5 

5.2 

2.1 

2.8 

3.5 

2.0 

1.4 

.7 

6.6 

19.... 

6.3 

8.4 

7.4 

5.0 

5.0 

2.4 

2.4 

3.0 

2.0 

1.1 

.8 

4.7 

20.... 

6.0 

8.3 

7.7 

I    5.1 

5.4 

2.5 

2.4 

3.1 

1.6 

1.0 

.9 

4.2 

21.... 

5.3 

8.5 

7.1 

4.9 

5.6 

2.6 

3.3 

8.6 

1.5 

.9 

.9 

3.6 

22... 

5.0 

8.7 

8.8 

4.8 

6.2 

2.5 

3.7 

3.7 

1.5 

.8 

.9 

3.2 

23.... 

5.0 

8.8 

8.7 

4.7 

6.8 

2.3 

3.8 

4.0 

1.8 

.8 

1.0 

2.8 

24... 

5.2 

8.2 

8.1 

4.6 

6.9 

2.2 

3.4 

3.6 

1.8 

.8 

1.0 

2.7 

25.... 

5.3 

7.9 

7.7 

4.5 

7.1 

2.2 

4.0 

3.0 

1.6 

.8 

1.1 

2.5 

26... 

5.2 

7.6 

7.3 

4.3 

6.7 

2.5 

1.4 

2.6 

1.3 

.8 

1.2 

2.4 

27... 

5.4 

7.7 

7.0 

4.2 

6.0 

2.6 

3.9 

2.2 

1.1 

.7 

1.2 

4.2 

28... 

5.4 

7.7 

6.5 

4.1 

5.6 

2.7 

3.8 

2.7 

1.0 

.7 

1.1 

6.0 

20... 

5.1 

5.9 

4.0 

5.1 

2.9 

3.6 

2.4 

.9 

.7 

1.1 

8.4 

80... 

5.0 

5.7 

4.0 

4.7 

4.3 

8.3 

2.7 

.8 

1.0 

1.1 

7.9 

81... 

4.9 

5.2 

4.2 

3.3 

4.8 

1. 1 

5.8 
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EIVER   HEIGHTS   FOB   1896. 


[NO.  11. 


Tmn^aee  Biver  at  CkeUtanooga,  Tenne89ee,  for  1S95, 


Day. 


1 

2 

3 

4 

5 

G 

7 

8 

9 

10 

II 

12 

13 

14 

15 

10 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 
4.4 

Sept. 

Oct. 

4.7 

7.6 

ft.8 

7.8 

6.0 

5.6 

8.2 

3.3 

0.0 

3.0 

7.2 

7.8 

7.4 

6.8 

5.2 

3.4 

4.1 

3.4 

.8 

3.3 

7.8 

12.1 

6.8 

5.5 

4.8 

3.8 

3.8 

8.2 

.8 

3.2 

7.5 

18.2 

6.5 

5.4 

4.5 

4.0 

3.5 

3.1 

.8 

3.1 

7.6 

19.9 

6.3 

5.7 

4.2 

4.5 

8.4 

2.9 

.8 

8.1 

7.4 

ia2 

6.2 

6.0 

4.4 

5.0 

3.0 

2.8 

.8 

8.3 

6.9 

13.4 

6.0 

6.5 

4.6 

5.0 

3.2 

2.8 

.8 

4.0 

6.5 

10.5 

9.6 

7.0 

5.2 

5.1 

3.3 

2.8 

.9 

10.9 

6.4 

9.2 

10.7 

8.2 

5.1 

5.5 

3.3 

2.5 

.8 

20.5 

5.0 

8.6 

11.4 

8.6 

4.6 

5.7 

8.0 

2.4 

.9 

28.5 

4.0 

8.1 

13.0 

0.0 

4.2 

5.1 

8.0 

2.3 

1.0 

32.1 

8.3 

7.5 

12.5 

8.8 

8.8 

4.4 

2.9 

2.4 

1.0 

31.2 

4.2 

7.8 

10.4 

8.9 

8.6 

3.8 

3.2 

2.5 

1.0 

28.3 

(a) 

8.0 

8.8 

9.5 

3.5 

8.4 

2.9 

2.4 

1.0 

19.5 

4.3 

8.7 

7.9 

9.0 

3.4 

8.2 

2.8 

2.3 

.9 

12.3 

4.7 

9.4 

7.4 

8.2 

3.4 

8.2 

2.7 

2.2 

1.0 

10.9 

4.7 

9.2 

7.0 

7.7 

3.8 

8.7 

8.1 

2.1 

1.0 

10.0 

4.2 

9.6 

9.0 

7.1 

3.7 

8.6 

4.3 

2.3 

1.0 

9.7 

4.7 

9.4 

11.8 

7.0 

3.5 

3.3 

4.9 

2.2 

.9 

9.1 

4.6 

8.9 

11.8 

7.2 

3.2 

3.0 

5.7 

2.0 

.9 

9.6 

5.1 

14.3 

9.9 

7.1 

3.1 

2.7 

5.3 

2.1 

.8 

10.2 

5.6 

20.6 

8.6 

6.7 

3.2 

2.7 

6.1 

1.9 

.8 

9.9 

6.1 

22.7 

7.7 

6.5 

3.1 

2.5 

5.3 

1.6 

•   1 

9.1 

6.7 

22.0 

7.1 

5.8 

3.0 

2.4 

4.8 

1.4 

•    1 

10.8 

6.8 

18.2 

6.7 

5.6 

2.9 

2.4 

4.6 

1.3 

•   1 

10.8 

6.5 

13.0 

6.3 

5.6 

2.9 

2.9 

4.7 

1.3 

•    1 

10.0 

6.3 

11.3 

6.0 

7.0 

2.6 

3.8 

4.2 

1.2 

•    f 

9.3 

6.8 

10.6 

6.0 

7.5 

2.5 

10.2 

3.7 

1.1 

«    9 

8.8 

9.5 

5.0 

7.4 

2.5 

10.4 

3.5 

1.0 

•    • 

8.0 

&9 

5.9 

6.7 

2.6 

7.4 

3.7 

0.0 

.7 

8.4 

8.4 

6.0 

5.3 

3.4 

1.0 

Nov. 


1.1 
1.2 
1.3 


1.6 

1.6 

1.3 

1.8 

1.2 

1.1 

1.2 

1.3 

1.7 

2.1 

2.4 

2.2 

2.0 

1.9 

1.8 

1.7 

1.5 

1.3 

1.1 

1.3 

1.4 

1.3 

1.3 

1.3 

1.3 

1.3 

1.5 

1.4 
1.5 
1.4 
1.4 
1.4 
1.6 
1.5 
1.4 
1.3 
1.3 
1.4 
1.5 
1.8 
1.9 
2.0 
1.9 
1.8 
1.7 
1.0 
1.5 
1.6 
2.1 
8.3 
4.2 
4.6 
4.3 
4.2 
4.5 
5.2 
4.7 
4.7 


aFroeen. 


TennesBee  Biver  at  Chattanooga,  TenneaseCf  for  1896. 


l>ay. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

5.5 
5.2 
4.8 
4.6 
4.5 
4.9 
5.0 
4.2 
3.8 
3.4 
3.3 
3.4 
3.2 
3.2 
3.1 
3.0 
3.0 
2.9 
2.7 
2.6 
2.4 
2.4 
3.2 
2.2 
2.8 
2.6 
2.7 
3.2 
4.0 
3.6 
2.8 

Sept. 

Oct. 

2.5 
2.3 
2.6 
3.0 
2.7 
2.6 
2.1 
1.7 
1.6 
1.4 
1.2 
1.2 
1.2 
1.2 
1.5 
1.7 
1.6 
1.6 
1.7 
1.6 
1.6 
1.4 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.1 
1.1 
1.3 

Nov. 

Doc 

1 

4.9 
5.0 
4.0 
4.9 
4.7 
4.3 
3.6 
3.3 
3.3 
3.2 
3.1 
3.1 
2.9 
2.7 
2.6 
2.4 
2.3 
2.3 
2.3 
2.3 
2.3 
2.5 
3.1 
5.0 
6.5 
8.2 
8.0 
7.0 
6.0 
5.3 
4.8 

4.4 

6.2 

10.0 

11.6 

10.5 

9.3 

11.8 

14.0 

13.8 

13.2 

12.8 

11.4 

10.1 

11.1 

12.8 

13.0 

12.5 

11.0 

9.0 

7.6 

6.7 

6.0 

5.4 

4.9 

4.7 

4.6 

4.5 

4.4 

4.2 

4.1 
3.9 
3.8 
8.7 
3.6 
3.5 
3.4 
3.5 
3.5 
3.4 
3.6 
3.6 
3.8 
3.8 
8.7 
3.8 
5.5 
10.1 
13.1 
15.7 
13.8 
11.2 
9.5 
8.4 
7.9 
7.5 
7.2 
6.7 
6.2 
5.8 
7.7 

14.8 

27.7 

34.4 

38.8 

40.5 

36.9 

23.8 

11.6 

9.0 

8.0 

7.2 

6.7 

6.2 

5.8 

5.5 

5.2 

5.0 

4.8 

4.2 

4.4 

4.2 

4.1 

4.1 

4.0 

4.0 

3.8 

3.8 

3.8 

8.6 

8.6 

3.4 
8.4 
3.4 
3.5 
4.0 
4.6 
4.6 
4.3 
4.0 
3.7 
3.4 
3.1 
2.0 
2.8 
2.7 
2.6 
2.5 
2.4 
2.4 
2.2 
2.1 
2.1 
2.5 
8.2 
3.6 
3.8 
3.2 
8.1 
2.8 
2.7 
2.5 

2.6 
3.0 
4.4 
5.7 
5.2 
4.7 
4.1 
3.5 
3.5 
4.5 
7.0 
6.3 
5.1 
4.3 
3.6 
8.2 
3.0 
2.8 
2.9 
3.1 
3.7 
3.5 
3.5 
3.3 
3.1 
2.9 
2.6 
2.6 
2.8 
3.0 

3.3 

8.2 

3.1 

3.2 

8.3 

3.2 

3.6 

5.0 

3.9 

14.2 

21.1 

21.6 

15.6 

11.5 

11.2 

11.4 

11.0 

13.0 

12.5 

9.6 

7.6 

6.5 

8.5 

8.8 

8.6 

7.8 

11. 1 

12.2 

9.3 

7.2 

6.2 

3.4 
2.1 
1.9 
1.8 
1.6 
1.6 
1.5 
2.0 
2.8 
2.7 
2.4 
2.0 
1.8 
1.0 
1.6 
1.5 
1.3 
1.4 
1.4 
1.3 
1.2 
1.2 
1.3 
1.4 
1.6 
2.0 
1.7 
1.5 
1.5 
2.7 

1.2 
1.2 
1.3 
1.5 
1.5 
1.6 
2.3 
3.6 
4.2 
4.1 
8.3 
3.2 
6.8 
7.3 
6.5 
5.5 
4.9 
4.3 
3.8 
8.4 
3.0 
2.8 
2.5 
2.4 
2.3 
2.2 
2.1 
2.2 
6.8 
9.4 

2.4 
2.5 
2.5 
2.6 
2.6 
2.7 
2.9 
3.0 
2.8 
2.8 
2.7 
2.6 
2.4 
2.6 
4.1 
6.5 
6.6 
6.3 
6.4 
6.8 
7.0 
7.3 
7.3 
7.0 
6.6 
5.9 
6.3 
4.8 
4.4 
8.7 
3.0 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

OAvn.] 


GAG£   HEIGHTS   IN   UPPER   MISSOURI   BASIN. 
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Missouri  Biver  at  Tatmsend,  Montana, 


1.. 
2.. 
3.. 
4.. 

5.. 

6.. 

7.. 

8.. 

9.. 

10.. 

11.. 

12.. 

13.. 

14... 

15.. 

M.. 

17... 

18.. 

1»... 

20.. 

21... 

22... 

23... 

24.. 

25.. 

26.. 

27... 

28... 

29... 

30... 

31... 


92.3 
92.2 
91.8 
91.4 
91.4 
91.6 
91.6 
91.6 
91.8 
91.8 
92.0 
91.9 
91.9 
91.9 
91.9 
91.9 
91.9 
91.9 
91.8 
91.8 
91.8 
91.8 
91.8 
91.8 
91.8 
91.8 
91.7 
91.7 
91.7 
91.6 
91.6 


91.6 
91.6 
91.6 
91.6 
91.6 
91.6 
91.6 
91.6 
91.6 
91.5 
91.6 
91.5 
91.5 
91.6 
91.5 
91.5 
91.5 
91.5 
91.5 
91.5 
91.5 
90.5 
90.4 
90.3 
89.8 
89.6 
89.2 
88.4 
88.8 


88.8 
90.9 
90.7 
00.7 
00.7 
90.7 
90.7 
90.7 
90.7 
90.7 
90.7 
92.2 
90.0 
89.4 
89.0 
88.8 
88.6 
88.6 

89.0 
89.1 
89.1 
89.1 
89.1 
89.1 
89.1 
89.1 
89.1 
89.0 
88.9 
88.9 


Apr. 


88.9 
88.9 
88.9 
88.9 
88.9 
88.0 
88.0 
80.0 
89.0 
89.0 
89.0 
89.0 
88.9 
88.9 
88.9 
88.0 
88.9 
88.0 
88.9 
88.9 
89.0 
89.0 
89.1 
88.1 
89.1 
89.1 
89.2 
89.2 
89.4 
89.6 


89.5 
80.5 
89.5 
80.5 
89.6 
89.7 
89.8 
89.9 
90.0 
90.0 
89.9 
89.8 
80.8 
89.7 
89.6 
89.6 
89.6 
89.7 
89.7 
89.8 
89.8 
89.8 
90.0 
90.0 
90.2 
90.4 
90.4 
90.6 
91.1 
91.6 
91.6 


01.8 
92.2 
92.6 
93.0 
03.6 
93.7 
03.8 
93.7 
93.8 
93.9 
94.2 
94.5 
04.4 
94.4 
04.5 
94.6 
04.7 
91.8 
94.8 
94.9 
94.7 
94.6 
94.6 
94.2 
93.8 
93.4 
92.8 
92.6 
92.4 
92.2 


July.   Aug.   Sept. 


92.0 
92.0 
91.8 
91.  U 
91.4 
91.2 
91.0 
91.0 
9t>.7 
90.6 
90.4 
90.4 
90.5 
90.6 
90.8 
90.0 
00.5 
90.2 
90.0 
SO.  8 
80. 7 
89.7 
89.7 
89.6 
89.6 
80.6 
89.4 
89.4 
89.3 
89.3 
89.2 


89.1 
89.1 
89.1 
89.1 
89.1 

8:i.i 

89.1 
89.1 
80.1 
89.1 
89.1 
89.0 
88.9 
88.9 
88.9 
88.9 
88.9 
88.9 
88.8 
88.8 
88.8 
88.8 
88.8 
88.8 
88.8 
88.8 
88.7 
88.7 
88.7 
88.7 
88.8 


88.9 
89.0 
88.9 
88.9 
88.9 
88.9 
r88.9 
88.9 
88.9 
80.0 
89.1 
83.1 
89.1 
89.1 
89.1 
89.1 


89.1 
89.0 
89.0 
89.0 
89.0 
89.1 
89.1 
89.1 
89.1 
89.1 
89.1 
89.0 

88.9 


9 
9 


Oct. 


88.9 

88.9 

88.9 

88.9 

88.9 

88.9 

88.9 

88.9 

88.9 

88.9 

80.0 

88. 

88. 

88.0 

88.9 

88.0 

88.9 

88.0 

88.9 

88.9 

88.9 

88.9 

88.8 

88.8 

88.  8 

88.8 

88.8 

88.9 

88.9 

89.0 

89.0 


89.0 
89.0 
88.9 
88.9 
88.9 
88.9 
86.9 
88.9 
89.0 
89.0 
89.1 
89.1 
89.2 
89.2 
89.2 
83.2 
89.2 
89.1 
80.1 
89.1 
89.1 
89.1 
89.1 
89.1 
89.1 
90.6 
90.0 
90.6 
90.6 
00.8 


91.5 
91.8 
92.2 
92.8 
92.0 
02.9 
92.9 
92.9 
92.9 
92.9 
92.9 
92.9 
92.8 
92.8 
92.6 
92.2 
91.9 
91.4 
91.4 
91.4 
89.8 
89.7 
89.5 
89.3 
80.3 
89.2 
89.2 
89.1 
89.0 
88.0 
88.9 


Went  Gallatin  Birer,  near  Salescille,  Montana, 


Day. 


1 
2 
8 

4 
6 
6 
7 
8 
0 
10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
20 
27 
28 
2» 
30 
31 


Jan. 


3.  GO 
3.70 
8.60 
8.50 
3.85 
3.90 
4.00 
3.75 
3.40 
3.10 
3.00 
2.90 
2.90 
2.90 
8.00 
3.00 
3.00 
3.00 
3.00 
2.90 
2.90 
2.90 
3.00 
3.00 
8.0O 
8.00 
2.90 
2.90 
2.90 
2.90 
2.00 


Feb. 


2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.00 
2.00 
2.90 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
8.00 
8.00 
8.00 
3.00 
3.10 
8.10 
2.05 
2.95 
2.95 
3.00 
2.05 
2.90 
2.75 


liar. 


2.70 
2.60 
2.70 

2.70 
2.80 
2.80 
2.85 


Apr. 


3.00 

3.00 

3.00 

2.90 

3.00 

2.90 

2.00 

2.90 

2.90 

2.90 

2.90 

2.90 

3.00 

3.00 

3.00 

3.15  I 

3.20  I 

3.20 

3.30 

3.30 

3.30 


May.    June. 


3.25 
3.25 
3.30 
3.45 
3.45 
3.45 
3.40 
3.35 
3.35 
3.35 
8.35 
3.35 
3.30 
3.30 
3.30 
8.30 
3.20 
3.20 
3.20 
3.25 
3.30 
3.40 
3.50 
4.10 
4.10 
4.00 
4.10 
4.40 
4.40 
8.90 
4.90 


5.45 
6.05 
6.95 
6.85 
5.05 
6.00 
6.60 
6.0J 
6.95 
7.85 
7.10 
6.65 
6.75 
7.15 
7.20 
7.50 
7.  BO 
7.90 
7. 81 
7.36 
6.95 
6.50 
6.20 
6.00 
5.90 
5.85 
5.80 
5.65 
5.50 
6.50 


July. 

Aug. 

Se]>t. 

5.55 

3.60 

3.40 

5.45 

3.70 

3.40 

5.30 

3.80 

8.40 

5.15 

3.75 

8.40 

6.06 

3.70 

3.40 

4.95 

3.70 

3.30 

4.95 

3.70 

3.30 

4.85 

3.70 

8.30 

4.75 

3.65 

3.30 

4.70 

3.55 

3.30 

4.70 

3.50 

3.40 

4.75 

8.60 

3.40  > 

4.85 

3.50 

3.40 

4.75 

3.50 

8.45 

4.60 

3.50 

3.45 

4.45 

3.50 

3.40 

4.30 

3.50 

3.40 

4.25 

3.50 

3.40 

4.20 

3.60 

3.40 

4.10 

.3.40 

3.40 

4.00 

3.50 

3.30 

4.00 

3.45 

3.30  1 

4.00 

3.40 

3.30 

3.00 

3.40 

3.30 

3.90 

3.40 

3.50 

8.80 

3.35 

3.45 

3.70 

3.30 

3.40 

8.70 

3.30 

3.40 

3.85 

3.30 

3.30 

3.70 

3.30 

3.40 

3.60 

3.40 

3.40 
8.40 
3.40 
3.35 
3.40 
3.40 
:L30 
3.35 
8.45 
3.50 
8.40 
3.30 
3.30 
3.30 
8.30 
3.30 
8.20 
3.20 
3.20 
3.20 
3.20 
3.20 
8.20 
8.20 
8.20 
3.20 
8.20 
3.20 
8.10 
3.10 
3.10 


8.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.05 
3.05 
3.15 
3.20 
3.10 
3.10 
3.15 
8.20 
3.20 
a.  20 
3.20 
3.10 
3.10 


3. 
3. 


10 
05 


3.20 
3.20 
8.10 
3.00 
2.80 
2.70 
2.70 
2.70 
2.70 
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Middle  Creek  at  Bozemau,  Montana. 


Day. 

Apr. 

May. 

June. 

July. 

Aofi. 

Sept. 

Oct. 

1 

2    

0.25 

3 

0.90 

4 

O.iO 

0.00 

• 

5 

0.20 

6 

7 

1.05 

::::;::::::::"  1 

8 

1.15 

0.35 

tt 

.3S 

10 

11 

.80 

12 

1.20 

.28 

i:j 

14 

.27 

16 

.88 

16 

.25 

1.30 

.28 

'"■.'22' 
.21 

0.21 

18 

.60 

20    

22 

.48 

.20 

1.10 

24 

.20 

.80 

.23 

26 

.93 

. 

28 

.22 

.43 

30 

1.80 

Gallatin  Eiver  at  Logan,  Montana. 


i)«y. 


1 

o 

M 

8 

4 
5 
6 
7 
8 
0 
10 
II 
12 
13 
14 
15 
16 
17 
18 
10 
20 
21 
22 
23 
24 
25 
20 
27 
28 
20 
30 
31 


Jan. 


(a) 

(«) 
(a) 
(a) 
(a) 
(a) 
(a) 

<a) 

(tf) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(rt) 

(a) 

(a) 

(a) 

(a> 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

1.10 

1.10 

1.10 

1.00 


Feb. 


1.00 

.00 

.90 

1.00 

.90 

.00 

1.00 

1.05 

1.00 

1.00 

1.20 

.95 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

1.00 

.05 

.90 

.95 

1.00 

1.00 

1.00 

1.00 

1.00 


Apr. 


1.10 
1.10 
I.IO 
1.05 
1.00 
1.10 
1.10 
1.10 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.06 
1.10 
1.10 
1.20 
1.20 
1.20 


May. 

Jane. 
3.20 

1.30 

1.20 

3.65 

1.20 

3.80 

1.20 

3.95 

1.40 

3.80 

1.65 

3.75 

1.50 

3.75 

1.45 

8.70 

1.50 

4.20 

1.60 

5.10 

1.50 
1.50 
1.50 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.35 
1.70 
1.80 
1.80 
2.05 
2.30 
2.50 
2.70 


5.15 
4.50 
4.50 
4.66 
4.75 
5.20 
5.45 
5.60 
5.10 
4.86 
4.50 
4.40 
4.25 
4.05 
3.80 
3.55 
8.40 
8.25 
3.10 
2.95 


July. 

Aug. 

2.75 

1.20 

2.65 

1.10 

2.50 

1.10 

2.50 

1.10 

2.85 

1.10 

2.20 

1.10 

2.00 

1.10 

1.90 

1.10 

1.80 

1.10 

1.65 

1.05 

1.50 

1.00 

1.60 

1.00 

1.76 

1.00 

1.60 

1.00 

1.70 

l.CO 

1.60 

1.00 

1.50 

1.00 

1.40 

1.00 

1.40 

I.  00 

1.40 

1.00 

1.40 

1.00 

1.30 

1.00 

1.30 

1.00 

1.20 

1.00 

1.10 

1.00 

1.10 

1.00 

1.10 

1.00 

1.10 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

Sept. 

Oct. 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.05 

l.(H) 

1.10 

.90 

1.05 

.90 

1.00 

.90 

1.00 

.90 

1.00 

1.00 

1.10 

1.20 

1.10 

1.05 

1.00 

1.00 

1.00 

1.00 

.95 

.95 

.95 

.95 

.95 

.95 

1.10 

1.16 

1.05 

1.05 

1.05 

1.00 


1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
.95 
.95 
1.00 
1.00 
1.00 
1.00 
1.00 
.95 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 

i.06 


1.03 
1.10 


1.10 

i.io 


1.00 

i'.'w 


a  Frozen. 
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Madison  Biver  at  Thre^arks,  Montana, 


Day. 


1 
2 
a 

4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 


Jan. 

1 

1.00 

.90 

—  .60 

—  .60 

—  .60 

—  .60 

—  .45 

—  .36 

—  .96 

+  1.20 

1.20 

1.16 

1.05 

1.00 

1.00 

1.00 

1.00 

1.10 

1.20 

1.20 

1.20 

1.20 

L20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.10 

1.10 

Feb. 


1.10 
1.10 
1.00 
1.00 
.90 
.90 
.90 
.90 
.90 
.90 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.90 
.90 
.90 
.90 
.90 
.80 


Apr. 


0.20 
.20 
.20 
.20 
.15 
.10 
.15 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.16 
.10 
.10 
.10 
.20 
.20 
.20 
.25 
.30 


May. 


0.30 
.30 
.30 
.30 
.30 
.30 
.30 
.35 
.40 
.40 
.30 
.30 
.30 
.30 
.25 
.20 
.20 
.20 
.20 
.25 
.30 
.85 
.40 
.45 
.56 
.70 
.75 
.85 
.95 
1.05 
1.20 


Jane. 


1.35 
1.45 
1.55 
1.75 
1.95 
2.05 
1.95 
1.95 
2.30 
2.65 
2.65 
2.75 
2.70 
2.75 
2.80 
2.95 
3.05 
3.15 
3.20 
3.10 
3.10 
3.00 
2.85 
2.70 
2.55 
2.45 
2.40 
2.30 
2.20 
2.15 


July. 


2.10 

2.00 

1.90 

1.85 

1.80 

1.70 

1.60 

1.50 

1.45 

1.40 

1.30 

1.35 

1.35 

1.30 

1.30 

1.30 

1.30 

1.20 

1.15 

1.10 

1.05 

1.00 

.90 

.90 

.80 

.80 

.80 

.70 

.75 

.80 

.80 


Ang. 

Sept. 

Oft. 

0.80 

0.50 

0.45 

.80 

.50 

45 

.70 

.50 

.48 

.70 

.50 

.50 

.70 

.50 

.50 

.70 

.50 

.50 

.60 

.50 

.50 

.60 

.50 

.50 

.60 

60 

.48 

.00 

.50 

.45 

.00 

.50 

.45 

.60 

.53 

.45 

.50 

.55 

.45 

.50 

.56 

.45 

.50 

.55 

.46 

.50 

.50 

.45 

.50 

.50 

.46 

.60 

.45 

.46 

.60 

.46 

.46 

.50 

.45 

.46 

.45 

.45 

.46 

.40 

.46 

.46 

.40 

.46 

.45 

.40 

.45 

.45 

.40 

.48 

.45 

.40 

.50 

.46 

.40 

.50 

.45 

.40 

.50 

.46 

.40 

.60 

.40 

.40 

.60 

.40 

.40 

.40 

JefferBon  Biver  at  Sappington,  Montana. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Day. 


Jan. 

Sept. 

Oct. 

0.87 
.90 
.89 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.88 
.87 
.87 
.87 
.88 

Nov. 

Deo. 

(a) 
(a) 
(a) 
(a) 

(«) 
(0) 
(a) 
(a) 
(fl) 
(o) 
(a) 

(«) 
(a) 
(•) 
(a) 

(•) 

'0."88* 

.90 

.92 

.97 

1.00 

1.04 

1.00 

0.96 

.81 

'1.90 

2.20 

Day. 


17, 

18 

19 

20. 

21 

22 

23. 

25 
26 

27 

28. 

29 

30 

31 


Jan. 


(a) 
(a) 
0.50 
1.00 
1.50 
1.00 


(a) 


Sept. 


0.08 
.97 
.90 
.90 
.87 
.86 
.84 
.86 
.89 
.90 
.90 
.86 
.84 
.86 


Oct 


0.80 
.89 
.88 
.87 
.86 
.87 
.87 
.87 
.87 
.86 
.91 
.93 
.94 
.94 
.93 


Nov. 


1.20 


1.20 


Dec. 


2.10 


2.10 


aFrocen. 


Little  Goose  Creek  at  Skeridanj  Wyoming, 


1 
1 

May. 

June. 

July. 

|Day. 

1 

May. 

June. 

Jaly.  , 

Day. 

1 

May. 

June. 

July. 

1 
1.. 

1.70 

1.75 

0.70 

12.. 

2.00 

1.30 

0.80    ' 

23.. 

1.50 

0.75 

0.80 

2.. 

1.70 

2.45 

.70 

13.. 

1.80 

1.35 

.80 

24.. 

1.95 

.75 

.85 

3.. 

1.70 

2.30 

.70 

14.. 

1.80 

1.30 

.85 

26.. 

2.10 

.75 

.80 

4.. 

1.80 

2.50 

.75 

,    15.. 

1.80 

1.35 

.80 

26.. 

1.70 

.75 

.80 

5.. 

1.80 

2.30 

.80 

16.. 

1.60 

1. 10 

.85 

27.. 

1.70 

.75 

.80 

6.. 

2.00 

2.00 

.75 

17.. 

1.60 

1.10 

.80 

28.. 

1.85 

.75 

.90 

7.. 

2.30 

1.80 

.75 

18.. 

1.50 

.90 

.95 

29.. 

1.75 

.75 

.80 

8.. 

2.00 

1.76 

.75 

19.. 

1.40 

.75 

.80 

80.. 

2.50 

.70 

.80 

9.. 

2.20 

1.90 

.75 

20.. 

1.30 

.75 

.80 

31.. 

1.80 

.85 

10.. 

2.40 

1.95 

.80 

21.. 

1.40 

.75 

.80 

11.. 

2.00 

1.60 

.80    > 

1 

22.. 

1.55 

.75 

.80 

1 

1 

IBR  11- 
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Big  Goose  Creek  at  Sheridan,  Wyoming, 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


2.55 
2.60 
2.55 
2.45 
2.45 
2.50 
2.60 


May. 

Jane. 
3.70 

July. 

2.90 

2.25 

2.80 

3.45 

2.40 

2.80 

5.10 

2.40 

3.00 

4.90 

2.40 

3.20 

4.20 

2.40 

3.40 

4.10 

2.45 

3.20 

8.75 

2.30 

2.00 

4.25 

2.35 

8.60 

4.25 

2.25 

3.40 

4.90 

2.10 

8.20 

4.10 

2.20 

3.40 

3.60 

2.20 

8.60 

2.10 

3.40 

8.40 

2.25 

3.20 

3.35 

2.10 

3.40 

3.30 

2.00 

Aug. 


2.35 
2.10 
2.20 
2.15 
2.35 
2.20 
2.15 
2.10 
2.10 
2.20 
1.65 
1.90 
1.8U 
1.85 
1.85 
1.90 


Sept. 


1.60 
1.50 
1.60 
1.50 
1.50 
1.60 
1.70 
1.70 
1.50 
1.60 
1.70 
1.70 
1.60 
1.40 
1.40 
1.30 


Day. 


Apr.  May. 


17 1  2.60 

18 2.55 

19 '  2.50 

20 2..'>8 

21 2.55 

22 1  2.50 

23 2.50 

2; I  2.60 

26 2.60 

26 2.75 

27 1  2.85 

28 2.95 

29 2.85 

30.  ...   2.90 


2.00 
3.20 
3.50 
3.00 
3.00 
3.50 
3.50 
2.95 
3.90 
3.10 
3.45 
8.60 
3.16 
4.80 
4.40 


June. 

JtUy. 

Aug. 

3.15 

2.10 

1.90 

3.10 

2.75 

1.85 

3.05 

2.10 

1.90 

3.10 

2.15 

1.90 

8.15 

2.30 

1.90 

3.10 

2.30 

1.90 

2.80 

2.60 

1.90 

2.75 

2.45 

1.90 

2.80 

2.35 

1.80 

2.70 

2.25 

1.80 

2.66 

2.40 

1.80 

2.65 

2.40 

1.80 

2.60 

2.35 

1.70 

2.06 

2.26 

1.90 

2.45 

2.00 

Sept. 


L50 
1.40 
1.40 
1.50 
1.60 
1.60 
1.40 
1.50 
1.40 
1.50 
1.60 
1.50 
1.70 
1.80 


Clear  Creek  near  Buffalo,  Wyoming. 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


May.  Juno. 


0.80 

.80 

.85 

1.00 

1.05 

1.05 

1.10 

1.00 

.00 

.80 

.90 

.90 

.80 

.70 

.70 


1.35 
1.50 
1.90 
1.60 
1.30 
1.20 
1.30 
1.30 
1.70 
1.70 
1.45 
1.45 
1.30 
1.30 
1.25 
1.25 


July.  Aug. 


0.80 
.80 
.85 
.85 
.80 
.85 
.80 
.86 
.80 
.80 
.80 
.75 
.70 
.75 
1.20 
1.50 


1.00 
.90 
.80 
.95 
.90 
.80 
.70 
.90 
.90 
.75 
.70 
.68 
.65 
.65 
.66 
.65 


Sept. 


0.56 
.60 
.62 
.66 
.  66 
.64 
.62 
.60 
.62 
.64 
.64 
.64 
.  66 
.64 
.60 
.60 


Oct. 


0.52 
.54 
.62 
.50 
.48 
.48 
.48 
.48 
.48 


Day. 


17 

18 

19 

20 

21 

22 

23 

24 

26 

26.. ... 
27 

^0 •  •  a •  • 

29 

30 

31 


May. 


0.70 

.70 

.70 

.75 

.70 

.70 

.85 

1.20 

1.30 

1.20 

1.10 

1.10 

1.80 

1.70 

1.70 


June.  'July. 


1.25 
1.30 
1.20 


.80 
.80 
.80 
.85 


1.40 

1.20 

1.10 

1.00 

.90 

.90 

.85 

.90 

.90 

.80 

.80 

.75 

.75 

.70 

1.15 


Aug.  I  Sept.    Oct. 


0.63 
.62 
.68 
.65 
.68 
.70 
.68 
.62 
.60 
.60 
.60 
.58 
.58 
.56 
.56 


0.60 

0.48 

.62 

.46 

.60 

.45 

.60 

,60 

.58 

.58 

.58 

.68 

.58 

.r8 

.58 

.60 

Laramie  Biver  at  Woods  Landing,  Wyoming, 


1 
2 

3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30. 

31 


Day. 


Apr.   May. 


0.95 

.80 

1.05 

1.00 

1.00 

.00 

.80 

.75 

.85 

.95 

1.26 

1.30 

1.40 

1.60 

1.75 

1.85 

2.05 

1.65 

1.75 


June. 


1.60 
1.55 
1.55 
1.60 
1.66 
1.95 
2.16 
2.25 
2.00 
2.00 
2.06 
1.90 
1.76 
1.70 
1.65 
1.60 
1.60 
1.70 
1.86 
1.76 
1.76 
1.75 
1.83 
1.97 
2.02 
2.15 
2.00 
2.10 
2.10 
3.25 
2.85 


2.40 
2.28 
2.15 
2.30 
2.30 
2.05 
1.95 
1.85 
1.85 
1.90 
2.20 
1.90 
1.70 
1.90 
1.95 
1.85 
1.70 
1.65 
1.60 
1.55 
1.50 
1.45 
1.50 
1.36 
1.35 
1.86 
1.30 
1.20 
1.20 
1.20 


July.  I  Aug. 


I 


1.20 

1.10 

1.10 

1.00 

1.00 

.90 

.80 

.80 

.80 

.70 

.70 

.70 

.80 

.95 

1.05 

.85 

1.30 

1.15 

1.15 

.95 

.95 

.85 

1.25 

1.40 

1.30 

1.40 

1.40 

1.26 

1.00 

.00 

.80 


0.60 

.80 

.80 

.80 

.80 

.80 

.70 

.70 

.76 

.70 

.70 

.60 

.60 

.60 

.60 

.60 

.75 

.85 

1.00 

1.30 

1.30 

1.48 

1.35 

1.02 

.90 

.85 

.80 

.80 

.95 

1.15 

1.15 


Sept. 


1.00 

.90 

.88 

.80 

.75 

.70 

.80 

.80 

.90 

1.15 

1.25 

1.20 

1.06 

.95 

.80 

.85 

.85 

1.00 

1.00 

1.00 

1.00 

1.05 

1.10 

1.15 

1.00 

1.15 

1.30 

1.15 

1.15 

1.05 


Oct. 


1.00 
1.00 
1.05 
1.00 
1.05 
1.00 
1.05 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
l.OU 
1.00 
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Laramie  River  at  Uva,  Wyoming, 


Bay. 

Apr. 

Hay. 

Jnne. 

July. 

Augt 

Sept. 

Oct. 

1 

1.40 
1.60 
2.30 
2.30 
2.10 
2.00 
2.00 
2.10 
2.10 
2.30 
2.40 
2.40 
2.50 
2.50 
2.40 
2.40 
2.20 
2.00 
1.90 
1.90 
1.60 
1.40 
1.40 
1.60 
1.70 
1.70 
1.60 
1.50 
1.50 
1.70 
1.90 

2.90 
4.00 
4.60 
3.80 
3.00 
2.70 
2.70 
2.80 
2.50 
2.30 
2.00 
1.50 
1.40 
1.40 
1.30 
1.30 
1.20 
1.20 
1.10 
1.00 
1.00 
1.10 
1.00 
1.10 
1.20 
1.10 
1.00 
1.00 
1.00 
.90 

0.90 

.80 

1.00 

.90 

.85 

.80 

.80 

.80 

.75 

.70 

.70 

.70 

.70 

.70 

.70 

.80 

.80 

2.00 

1.80 

1.70 

1.40 

1.40 

1.20 

1.10 

1.00 

1.00 

1.00 

1.00 

.00 

.90 

.80 

0.70 

.70 

.70 

.80 

.80 

.70 

.70 

.60 

.70 

.70 

.80 

.80 

.70 

.90 

1.00 

1.00 

1.20 

1.40 

3.20 

3.00 

1.70 

1.20 

1.00 

LOO 

.90 

.90 

.90 

.82 

.83 

.80 

.80 

0.80 
.80 
.72 
.72 
.73 
.72 
.72 
.72 
.70 
.70 
.70 
.70 
.72 
.72 
.72 
.80 
.80 
.82 
.82 
.82 
.82 
.90 
.90 
.90 
.82 
.82 
.80 
.80 
.80 
.90 

0.90 
.82 
.82 
.82 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 

2 

3 

4 

5 

6 

1.80 
1.80 
1.75 
1.75 
1.60 
1.60 
1.50 
1.50 
1.60 
1.70 
1.80 
1.70 
1.70 
1.40 
1.90 
1.80 
1.80 
1.70 
1.70 
1.80 
1.30 
1.70 
1.70 
2.00 
1.40 

7 

1      8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

25 

26 ; 

27 

29 

80 

"■•■••••■ 

31 

North  Platte  Biver  at  Orin,  Wyoming. 


Day. 

Apr. 

May. 

Jane. 

July. 

2.18 
2.08 
2.00 
2.00 

'""l75* 
L62 
1.52 
L48 
1.40 
L25 

"'i.'is' 

•     1.10 
2.30 
2.20 
L78 
L«5 

'2.' 45* 
2.85 
2.10 
2.08 
L85 
L73 

'**i.*63* 
L53 
1.50 
L50 
L50 

Aug. 

Sept. 

Oct. 

Deo. 

1 

4.67 
4.45 

5.70 
5.97 
6.07 
5.85 
5.45 
5.00 

"Vi'so" 

4.68 
4.45 
4.25 
4.08 
4.25 

"1.13 
3.95 
3.75 
3.55 
3.63 
3.73 

'3.93' 
3.70 
3.33 
3.05 
2.85 
2.65 

""2*85' 
2.23 

L68 

***L68' 
L58 
L48 
L88 
L28 
L18 

'Lis' 

.08 
.95 
.90 
.90 
.83 

"los' 

.80 
.90 
LIO 
.78 
.85 

""'.si' 

L95 
L67 
L45 
L37 
L42 

*"l27* 

L20 
L20 
L27 
1.30 
L40 

'"i.ii 

L07 
1.17 
L20 
1.07 
.97 

i.23 
L30 
L35 
1.42 
L37 
L27 

L17 
L32 
L37 

2 

2.30 

3 

4 

4.05 
4.00 
4.00 
4.17 
4.37 
4.62 

5 

1.30 
L27 
L22 
L17 
L12 
LIO 

6 

7 

8 

9 

LOO 

10 

11 : 

5.02 
4.86 
4.82 
4.87 
4.75 
4.55 

"ios" 

8.87 
3.70 
3.50 
8.37 
8.35 

"8.42' 
8.75 
4.22 
4.60 
4,70 
4.87 

12 

LIS 
LIO 
LIO 
LIO 

LOO 

IS 

2.68 
8.10 
8.47 
3.65 
3.62 
8.45 

14 

15 

"""2.06" 

16 

17 

18 

19 

2.10 

20 

8.05 
3.00 
2.92 
3.10 
3.35 
3.60 

a 

L17 
L07 
.97 
.95 
.90 
.90 

22 

28 

24 

25 

26 

L80 

27 

4.05 
4.40 
4.55 
4.62 

28 

L02 
L07 
LIO 

arrw.  ........................  . 

29 

30 

■"•**""*■ 

31 
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North  Platte  Biver  at  North  Platte,  Nebraska. 


Day. 

Jan. 

Feb. 

Apr. 

2.' 36' 

2.45 

2.65 

2.80 

2.65 

2.55 

2.60 

2.60 

2.60 

2.60 

2.55 

2.70 

2.65 

2.65 

2.56 

2.70 

2.65 

2.66 

2.65 

2.66 

2.66 

May. 

2.70 
2.75 
2.65 
2.85 
2.93 
3.15 
3.06 
3.15 
3.00 
2.90 
2.90 
2.85 
2.95 
3.05 
8.25 
3.05 
3.05 
3.10 
8.00 
3.06 
3.05 
3.00 
2.90 
2.90 
2.85 
2.^ 
2.70 
2.70 
2.55 
2.56 
2.60 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

2.50 
2.50 
2.50 
2.50 
2.60 
2.60 
2.60 
2.60 
2.65 
2.75 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.75 
2.70 
2.75 
2.75 
2.80 
2.60 
2.80 
2.80 
2.85 
2.90 
2.90 
2.90 
2.90 
2.90 
2.85 

2.85 
2.90 
2.80 
2.80 
2.65 
2.50 
2.45 
2.05 
2.00 
2.05 
1.95 
2.45 
2.75 
2.60 
2.35 
2.35 
2.25 
2.15 
2.26 
2.46 
2.35 
2.40 
2.40 
2.46 
2.35 
2.30 
2.35 
2.30 
2.40 

2.75 
2.90 
2.76 
2.55 
3.85 
4.00 
d.85 
3.70 
3.55 
3.45 
3.35 
3.35 
3.35 
3.20 
3.06 
2.90 
2.85 
2.85 
3.00 
2.90 
2.85 
2.80 
2.70 
2.80 
2.96 
2.85 
2.80 
2.80 
2.90 
2.55 

2.55 
2.55 
2.46 
2.35 
2.25 
2.20 
2.15 
2.00 
2.00 
1.90 
1.80 
1.60 
1.50 
1.35 
1.10 
1.15 
1.05 
1.00 
1.15 
1.25 
1.50 
1.85 
2.20 
2.45 
2.05 
1.05 
1.85 
1.70 
2.00 
1.95 
2.15 

2.20 
2.15 
2.25 
2.30 
2.05 
2.15 
2.25 
2.05 
1.80 
1.90 
1.70 
1.60 
1.60 
1.50 
1.45 
1.35 
1.45 
1.65 
1.80 
1.85 
2.00 
1.90 
1.80 
1.90 
1.75 
1.60 
1.60 
1.60 
1.55 
1.60 
L60 

1.50 
1.75 
1.65 
1.65 
1.60 
1.60 
1.50 
1.50 
1.60 
1.70 
1.80 
3.80 
1.90 
2.00 
2.00 
1.90 
1.80 
1.85 
1.90 
1.86 
1.86 
1.90 
1.80 
1.86 
1.00 
2.00 
2.00 
2.05 
2.06 
2.00 

1.90 
1.80 
1.76 
1.70 
1.75 
1.70 
1.86 
1.90 
1.85 
1.90 
1.80 
1.85 
1.85 
1.86 
1.85 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.90 
2.00 
1.90 
1.90 
1.90 
1.90 
L80 
1.95 
1.96 
2.25 

2.45 
2.50 
2.35 
2.20 
2.15 
1.90 
1.80 
1.70 
1.85 
1.96 
2.05 
2.10 
2.20 
2.10 
2.15 
2.05 
2.25 
2.25 
2.35 
1.90 
2.00 
1.85 
1.95 
2.16 
2.26 
2.30 
2.40 
2.40 
2.40 
2.40 

2.40 
2.40 
2.40 
2.30 
2.30 
2.30 
2.40 
2.45 
2.65 
2.66 
2.65 
2.75 
2.75 
2.75 
2.76 
2.66 
2.70 
2.55 
2.60 
2.55 
2.66 
2.50 
2.60 
2.66 
2.75 
2.75 
2.76 
2.70 
2.86 
2.86 
2.85 

2::-.;.. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

South  Platte  Miter  at  Deanebury,  Colorado. 


Day. 

Jan. 

Feb. 

Mar.  1 

1 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1.80 
1.80 
1.68 
1.90 
1.74 
1.27 
1.80 
1.25 
1.23 
1.55 
1.83 
1.74 
1.63 
1.54 
1.43 
1.34 
1.80 
1.37 
1.54 
1.71 
1.80 
1.75 
1.66 
1.57 
1.56 
1.50 
1.50 
JL.51 
1.55 
1.50 

Oct. 

Nov. 

Dec. 

1 

2 

2.93 
2.95 
2.97 
2.97 
3.00 
3.10 
3.35 
3.28 
3.24 
3.40 
3.12 
3.05 
3.03 
2.95 
2.91 
2.90 
2.96 
3.00 
3.00 
3.05 
3.05 
3.08 
3.02 
3.01 
2.95 
3.02 

2.96 
8.02 
3.14 
3.14 
3.11 
3.12 
3.12 
3.17 
3.15 
3.18 
3.19 
3.20 
3.17 
3.22 
3.17 
8.26 
3.22 
3.22 
3.26 
3.28 
3.84 
3.83 
3.31 
3.26 
3.34 
3.41 
3.42 
3.40 
3.23 

1 

3.30 
8.15 
3.09 
3.45 
3.20 
3.23 
3.31 
3.11 
3.30 
3.26 
3.36 
3.31 
3.39 
3.33 
3.16 
3.38 
3.44 
3.14 
3.45 
3.67 
3.80 
3.87 
3.97 
4.26 
4.75 
6.81 
6.52 
6.15 
5.86 
5.30 
5.06 

4.39 
4.24 
4.12 
3.85 
3.86 
4.68 
5.09 
5.46 
5.73 
5.36 
5.85 
5.53 
5.08 
6. '47 
6.00 
6.47 
6.21 
5.72 

2.70 
2.68 
2.64 
3.05 
2.91 
3.30 
3.15 
3.C5 
2.85 
2.65 
2.52 
2.33 
2.30 
2.44 
2.28 
2.30 
2.31 
2.4.^ 

2.78 
2.78 
2.74 
2.54 
2.35 
2.24 
2.11 
2.00 
1.90 
1.80 
1.68 
1.60 
1.50 
1.45 
1.44 
1.40 
1.34 
1.30 
1.24 
1.24 
1.27 
1.20 
1.25 
1.18 
1.15 
1.10 
1.10 
1.03 
1.03 
1.03 

0.98 

.93 

.90 

.88 

.06 

.90 

.95 

.99 

1.03 

.92 

.82 

.78 

.73 

.70 

.76 

1.32 

1.77 

1.72 

1.92 

2.09 

2.21 

2.11 

1.92 

1.62 

2.14 

2.40 

2.35 

2.17 

1.81 

1.60 

1.54 

1.39 

1.86 

1.32 

1.28 

1.18 

1.17 

1.12 

1.02 

.93 

.83 

.77 

.74 

.71 

.73 

.74 

.97 

.96 

1.79 

1.73 

1.68 

1.34 

1.42 

1.72 

1.39 

1.31 

1.19 

1.08 

1.03 

1.07 

1.17 

1.40 

1.46 
1.45 
1.42 
1.46 
1.42 
1.40 
1.38 
1.32 
1.33 
1.42 
1.42 
1.41 
1.42 
1.89 
1.37 
1.31 
1.29 
1.26 
1.33 
1.37 
1.27 
1.28 
1.40 
1.37 
1.38 
1.45 
1.43 
1.42 
1.41 
1.31 
1.30 

1.86 

1.20 

1.20 

1.16 

1.07 

1.10 

.87 

.86 

1.11 

1.20 

l.O*) 

.88 

.97 

1.22 

1.19 

1.17 

1.18 

1.18 

1.15 

1.17 

1.16 

1.07 

1.07 

1.19 

1.10 

.92 

.78 

.80 

.79 

.81 

0.80 
.78 
1.70 
a8.48 
3.27 
3.06 
2.96 
8.90 
8.00 
2.90 
2.81 
2.80 
2.80 
2.60 
2.76 
2.97 
2.90 
2.71 
2.76 
2.81 
2.77 
2.73 
2.72 
2.60 
2.67 
2.69 
2.80 
2.72 
2.73 
2.77 
2.76 

3 

4 

5 

6 

i 

8 

9 

10 

11 

12 

13 

U 

15 

16 

17 

18 

19 

5. 36  1  2.  41 
5.41  '  2.24 
6.39  1  2.15 
5.64     2.12 
5. 89     2.  20 
5. 97     2. 40 
6. 79  {  2. 43 
a3  42     2.40 
3. 59     2.  46 
3.63  •  2.60 

20 

21 

22 

23 

24 

25 

26        

27 

2.94 
2.97 
3.00 
3.00 
2.97 

28 

29 

30 

31 

3.18 
3.02 

2.49 
2.58 
2.71 

a  January  1  to  April  25,  station  No.  1 ;  April  26  to  December  3,  station  No.  2 ;  December  4  to  31,  station 
N0.I. 
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South  Platte  River  at  Denver^  Colorado. 


Bay. 


1. 
2. 

3. 
4. 

5. 
6. 


8.. 

9.. 
10.. 
U. 
12. 
13. 
U.. 
15.. 
16. 
17.. 
18.. 
19.. 
20.. 
21-. 
22. 
23.. 
24.. 
25.. 
26.. 
27. 
28. 
29. 
30-. 
31.. 


I 


Jan. 


3.45 
3.50 
3.55 
3.50 
3.50 
3.45 
3.40 
3.35 
3.30 
3.60 
3.75 
3.80 
8.85 
70 
70 
3.65 
3.75 
3.85 
3.60 
3.70 
8.95 
3.80 
3.70 
3.75 
3.75 
3.85 
3.70 
3.75 
3.90 
4.00 
3.80 


3. 
3. 


Feb. 


3.55 

3.60  ; 

4.20  i 

3.85 

3.70 

3.85 

3.80 

3.75 

3.70 

3.85 

3.35 

3.15 

4.00 

3.90 

8.75 

3.90 

4.00 

4.05 

4.10 

4.05 

3.05 

3.95 

4.00 

4.05 

4.00 

4.10 

4.05 

4.00 

4.05 


4.00 
3.95 
4.15 
4.05 
4.00 
3.95 
3.95 
4.15 
4.25 
4.15 
4.15 
4.15 
4.20 
4.06 
4.15 
4.25 
4.15 
4.00 
4.15 
4.20 
4.10 
4.25 
4.50 
4.55 
4.70 
4.85 
4.75 
4.70 
4.75 
4.65 
4.55 


4.45 
4.50 
4.65 
4.55 
4.50 
4.45 
4.60 
4.5o 
4.70 
4.55 
4.45 
4.50 
4.65 
4.90 
4.85 
5.05 
5.10 
4.95 
5.00 
4.90 
4.85 
4. 9.3 
5.05 
5.00 
5.10 
5.25 
5.70 
5.65 
5.75 
5.60 


May. 

June. 
5.20 

5.55 

5.35 

5.30 

5.10 

5.05 

5.10 

5.00 

5.20 

4.95 

5.10 

4.90 

5.00 

4.90 

5.05 

4.90 

4.95 

4.75 

4.70 

4.65 

4.75 

4.50 

4.45 

4.55 

4.35 

4.60 

4.65 

4.00 

4.60 

4.40 

5.00 

4.45 

4.60 

4.25 

4.85 

4,05 

4.80 

4.10 

4.75 

4.10 

4.60 

4.10 

4.40 

4.10 

4.40 

4.15 

4.40 

4.20 

4.95 

4.50 

4.85 

4.55 

4.80 

4.50 

4.85 

4.45 

4.95 

4.65 

4.85 

4.65 

5.00 

July. 


4.65 
4.60 
4.10 
(a) 
(o) 
l«) 
(a) 
4.10 
4.20 
4.25 
4.10 
4.00 
4.00 
4.30 
4.25 
4.45 
4.40 
4.70 
4.00 
4.30 
4.45 
4.50 
4.45 
4.45 
5.50 
5.05 
4.95 
4.80 
4.90 
4.85 
4.65 


Aug. 


4.35 
4.30 
4.60 
4.50 
4.30 
4.35 
4.30 
4.25 
4.20 
4.30 
4.25 


30 
20 
25 
05 
00 
4.80 
4.35 
4.50 
4.50 
(b) 
ib) 
(b) 
(b) 
(b) 
4.80 
4.85 
4.85 
4.80 
4.85 
5.00 


Sept 


5.10 
5.20 
5.15 
4.95 
4.85 
4.85 
4.90 
4.80 
4.85 
5.05 
5.05 
5.10 
5  05 
5.00 
5.05 
5.00 
5.00 
5.05 
5.15 
5.00 
4.05 
5.00 
4.90 
4.80 
5.00 
5.05 
5.10 
5.10 
4.95 
5.00 


Oct. 

>"ov. 

Deo. 

4.90 

4.65 

4.60 

5.00 

4.70 

4.70 

5.00 

4.65 

4.70 

4.60 

4.70 

4.65 

4.50 

4.65 

4.65 

4.45 

4.70 

4.65 

4.55 

4.65 

4.80 

4.50 

4.70 

4.90 

4.45 

4.73 

4.90 

4.35 

4.80 

4.90 

4.30 

4.75 

4.85 

4.40 

4.85 

4.80 

4.45 

4.90 

4.85 

5.10 

4.85 

4.90 

5.00 

4.80 

4.80 

4.85 

4.70 

4.80 

4.80 

4.65 

4.75 

4.90 

4.70 

4.80 

4.95 

4.70 

4.75 

5.10 

4.75 

4.85 

5.10 

4.80 

4.80 

5.15 

4.80 

4.75 

5.20 

4.80 

4.80 

5.10 

4.90 

4.80 

5.05 

4.00 

4.75 

5.00 

4.90 

4.80 

4.90 

(c) 

4.70 

5.00 

(c) 

4.75 

4.00 

(c) 

4.80 

4.70 

(c) 

4.65 

4.65 

4.60 

a  July  4  to  7  water  below  gage.  ^September  21  to  25  8aii<l  infroDt  of  gage.         e Frozen. 

South  Platte  Jiiver  at  Orchard,  Colorado,  for  1895-96, 


1 

2 
3 
4 

5 
6 
t 
8 
9 
10 
11 
12 
1.1 
14 
15 
16 
17 
18 
10 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Day. 


1895. 


1896. 


Nov. 


4.00 
4.06 
4.05 
4.10 
4.10 
4.10 
4.10 
4.15 
4.15 


Dec. 


4.16 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.05 
4.00 
4.00 
4.00 
4.00 
3.95 
3.95 
3.95 
3.95 
3.05 
3.90 
3.90 
3.90 
3.95 
3.95 
8.95 
3.90 
3.90 
3.90 
3.85 
3.80 
3.80 
3.85 
3.85 


Jan. 


3.85 
3.85 
3.90 
3.05 
4.00 
4  (>0 
4.05 
4  10 
4.10 
4.00 
4.00 
3.95 
3.90 
3.80 
3.90 
3.95 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.0U 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.10 
4.10 


Feb.  a 


4.15 


3.90 
3.85 
3.85 
3.85 
8.85 
3.85 
3.85 
3.80 
3.80 
3.75 
8.75 
3.70 
3.70 
3.70 


Mar. 


3.70 
3.70 
3.70 
3.75 
8.80 
3.85 
3.90 
3.90 
3.90 
3.85 
3.80 
3.75 
3.70 
3.70 
3.70 
3.70 
3.70 
3.75 
3.75 
3.80 
3.80 
3.80 
3.75 
3.70 
3.70 
8.75 
3.75 
3.80 
3.85 
3.80 
3.70 


Apr. 


3.70 
3.70 
3.75 
4.00 


x.'oC* 


4.26 
4.25 
4.45 
4.60 
4.65 
4.65 
4.65 
4.65 
4.50 
4.45 
4.40 
4.60 
4.60 
4.80 
5.00 
5.20 
4.80 
4.30 
4.00 
8.85 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.75 
3.75 
3.75 
3.75 
3.75 


a  February  2  to  15  observer  away ;  no  record. 
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RIVER   HEIGHTS   FOR   1896. 


[no.  1L 


Bear  Creek  at  Morrison,  Colorado. 


1. 

2. 
3. 
4. 

5. 

6. 

7. 

8. 

9 

10. 
11, 
12. 
13. 
14 
15. 
16 
17, 
18, 
19. 
20. 
21. 
22. 
23 
24 
26 
26 
27 
28 
29 
30 
31 


Day. 


Apr. 


0.70 

.80 

.80 

.66 

.75 

.73 

.77 

.80 

.92 

1.00 

.90 

.95 

.72 

.76 

.80 

.97 

1.02 

1.07 

1.10 

1.16 

1.17 

1.22 

1.17 

1.11 

.96 


May. 


0.92 

.87 

.97 

1.02 

.97 

1.10 

1.07 

1.02 

.87 

.90 

.92 

.87 

.82 

.80 

.85 

.82 

.92 

.92 

.90 

.87 

.87 

.92 

.95 

1.07 

1.05 

1.02 

.92 

.95 

.97 

1.02 

1.00 


June. 

July  .a 
0.70 

Aug.  a 

1.00 

.96 

.69 

.90 

.78 

.85 

.70 

.83 

.75 

2.93 

.85 

.70 

3.00 

.85 

.78 

3.00 

.80 

.78 

3.00 

.78 

.78 

2.88 

.75 

.68 

2.88 

.75 

.63 

2.85 

.71 

.60 

2.83 

.72 

.55 

2.80 

.71 

.56 

2.78 

.78 

.68 

2.76 

.75 

.80 

2.75 

.74 

.96 

2.78 

.76 

1.00 

2.80 

.76 

1.08 

2.83 

.78 

1.03 

2.85 

.73 

.93 

2.90 

.73 

.90 

2.98 

.70 

1.03 

2.98 

.70 

.88 

2.88 

.78 

2.80 

.96 

2.80 

.80 

2.80 

.80 

2.78 

.75 

2.75 

.73 

2.88 
2.98 

Sept 


2.88 
2.83 
2.90 
2.90 
2.85 
2.80 
2.83 
2.79 
2.83 
3.00 
2.95 
2.90 
2.85 
2.78 
2.76 
2.75 
2.75 
2.80 
2.98 
2.98 
2.88 
2.88 
2.83 
2.80 
2.80 
2.80 
2.90 
2.85 
2.80 
2.80 


2.80 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.73 
2.73 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.78 
2.78 
2.75 
2.75 
2.78 
2.70 
2.70 
2.65 


a  From  July  25  to  Auj^ust  5  uo  record;  rod  washed  away  by  flood. 
South  Boulder  Creek  at  Marehally  Colorado. 


Day. 

Apr. 

May. 

1.85 
1.65 
1.65 
1.85 
1.70 
1.90 
1.96 
2.06 
2.10 
2.10 
2.20 
1.96 
1.80 
1.75 
1.70 
1.75 
1.75 
1.70 
1.65 
1.70 
1.65 
1.70 
1.85 
2.00 
2.00 
2.30 
2.36 
2.40 
2.45 
2.55 
2.50 

June. 

July. 

1.55 
1.65 
1.55 
1.50 
1.50 
1.45 
1.45 
1.45 
1.40 
1.40 
1.40 
1.35 
1.35 
1.35 
1.30 
1.60 
1.50 
1.50 
1.50 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.80 
1.30 
1.25 
1.25 
1.20 

Aug. 

iSept. 

Oct 

1 

0.80 
1,06 
.90 
.95 
.90 
.90 
1.05 
1.05 
1.05 
1.05 
1.15 
1.15 
1.20 
1.35 
1.35 
1.35 
1.45 
1.15 
1.20 
1.20 
1.40 
1.55 
1.60 
1.75 
1.70 
1.80 
1.90 
1.90 
1.80 
1.80 

2.30 
2.10 
2.10 
2.30 
2.15 
2.20 
2.00 
1.95 
2.20 
2.16 
2.25 
2.15 
2.10 
2.05 
2.05 
2.00 
1.95 
1.95 
1.95 
1.90 
1.90 
1.85 
1.85 
1.80 
1.75 
1.70 
1.65 
1.65 
1.65 
1.60 

1  15 

1.05 

1.05 

1.05 

1.05 

1.05 

1.05 

1.05 

.96 

.95 

.95 

.95 

.95 

.96 

.96 

.95 

.95 

1.00 

1.40 

1.90 

1.45 

1.20 

1.30 

1.15 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.05 
1.05 
1.05 
1.10 
1.10 
1.10 
1.10 
1.10 
1.05 
1.05 
1.10 
1.16 
1.15 
1.05 
1.05 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.95 
.95 
.85 
.80 
.80 
.80 
.86 
1.00 
1.00 
1.00 
1.00 
1.00 
.96 
.96 
.90 
.90 
.90 
.90 
.90 
.85 
.80 
.80 
.90 
.90 
.90 
.90 
.90 
.80 
.80 
.80 
.80 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 ". 

13 

14 

15 

16 

17 

18 

10 

20 

21 

22 

23 

24 

26::.:.......: 

26 

27 

28 

29 

30 

31 

DATIS.] 


GAGE   HEIGHTS   IN   PLATTE   BASIN. 
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Boulder  Creek  at  Boulder,  Colorado, 


Day. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

39 

30 

31 


Apr. 


0.20 

.36 

.22 

.27 

.26 

,27 

.27 

.30 

.45 

.47 

.80 

.50 

.52 

.67 

.67 

.77 

.77 

.77 

.62 

.75 

.62 

1.00 

1.07 

1.20 

1.27 

1.46 

1.80 

1.86 

1.75 

1.60 


May. 


June.  I  Jaly. 


Aug. 


Sept. 


1.10 
1.10 
1.15 
1.17 
1.26 
1.35 
1.45 
1.85 
1.85 
1.76 
1.76 
1.40 
1.30 
1.17 
1.12 
1.07 
.96 
1.07 
1.02 
1.00 
1.12 
1.16 
1.46 
1.70 
1.90 
1.96 
2.05 
2.15 
2.20 
2.82 
2.16 


2.05 
1.77 
1.90 
1.92 
1.97 
1.97 
1.90 
1.88 
1.96 
1.96 
2.00 
1.88 
1.80 
1.83 
1.88 
1.80 
1.76 
1.65 
1.60 
1.66 
1.55 
1.55 
1.48 
1.45 
1.48 
1.43 
1.40 
1.38 
1.33 
1.33 


1.30  i 

1.30  j 

1.30  I 

1.30  I 

1.35  • 

1.73 

1.67 

1.46 

1.38 

1.85 

1.28 

1.23 

1.15 

1.18 

1.32 

1.50 

1.46 

1.38 

1.36 

1.25 

1.23 

1.30 

1.35 

1.45 

1.46 

1.40 

1.38 

1.33 

1.80 

1.18 

1.06 


0.08 

.95 

.88 

.88 

.80 

.80 

.78 

.73 

.69 

.65 

.65 

.65 

.63 

.60 

.60 

.66 

.70 

1.23 

2.15 

1,06 

1.20 

1.36 

1.28 

1.15 

.98 

.86 

.88 

.90 

1.00 

1.10 

1.20 


Oct. 


1.08 
1.00 
1.08 
1.03 
1.00 

.98 

.93 

.88 

.85 

.90 

.90  I 

.80 

.73 

.70 

.66  I 

.60 

.63 

.75 

.90 

.80 

.80 

.76 

.78 

.80 

.76 

.80 

.80 

.76 

.70 

.70 


0.65 
.63 
.60 
.55 
.50 
.50 
.45 
.43 
.45 
.45 
.63 
.60 
.58 
.65 
.60 
.60 
.45 
.45 
.45 
.43 
.40 
.40 
.45 
.46 
.40 
.45 
.46 
.46 
.40 
.40 
.35 


Si.  Train  Creek  at  Lyons ^  Colorado, 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

I 

1.63 
1.77 
1.86 
1.90 
1.85 
2.00 
2.05 
2.20 
2.10 
2.10 
2.15 
2.20 
2.10 
2.15 
2.30 
2.30 
2.15 
2.10 
2.00 
2.35 
2.55 
2.65 
2.60 
2.65 
2.60 
2.70 
2.95 
2.90 
2.45 
2.65 

2.60 
2.65 
2.45 
2.56 
2.56 
2.80 
2.95 
3.15 
3.20 
3.10 
3.10 
2.80 
2.66 
2.50 
2.50 
2.50 
2.50 
2.50 
2.60 
2.50 
2.50 
2.55 
2.86 
8.10 
8.40 
3.40 
8.35 
3.65 
3.85 
4.40 
3.85 

3.50 
3.45 
3.50 
3.65 
3.35 
3.60 
3.30 

3.70 
3.70 
3.70 
3.40 
3.35 
3.35 
3.35 
8.85 
3.30 
3.30 
3.10 
3.20 
3.15 
3.16 
3.10 
2.95 
3.25 
2.85 
2.80 
2.80 
2.85 
2.75 

2.80 
2.85 
2.85 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.75 
2.65 
2.65 
2.65 
2.85 
8.10 
8.05 
2.06 
2.80 
2.75 
2.65 
2.70 
2.95 
3.30 
3.15 
3.05 
2.85 
2.70 
2.60 
2.60 
2.53 

2.50 
2.50 
2.50 
2.50 
2.48 
2.48 
2.48 
2.40 
2.38 
2.30 
2.30 
2.28 
2.23 
2.20 
2.20 
2.25 
2.38 
8.40 
3.10 
2.70 
2.80 
3.50 
3.35 
2.95 
2.75 
2.70 
2.60 
2.55 
2.60 
2.65 
2.75 

2.75 
2.63 
2.75 
2.66 
2.58 
2.55 
2.55 
2.30 
2.35 
2.45 
2.85 
2.80 
2.55 
2.45 
2.43 
2.35 
2.38 
2.45 
2.58 
2.50 
2.53 
2.45 
3.50 
2.68 
2.45 
2.43 
2.40 
2.43 
2.38 
2.88 

2.38 

2.33 

2.38 

2.38 

2.88 

2.30 

2.30 

2.28 

2.30 

2.28 

2.30 

2.26 

2.25 

2.28 

2.30 

2.28 

2.25 

2.26 

2.23 

2.23 

2.28 

1.93 

1.75 

1.85  . 

1.75 

1.63 

2.20 

2.23 

2.20 

2.28 

2.20 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 , 

le 

17 

18 

19 

20 

21 

22 

28 

24 

26 

26 

27 

28 

29 

80 

31 
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RIVER   HEIGHTS   FOR   1896. 


[NO.  11. 


Big  Th<nnp$an  Creek  at  Arkins,  Colorado. 


Day. 

Apr. 

May. 

0.10 

.50 

.80 

.85 

.90 

1.00 

1.10 

1.05 

1.20 

1.25 

1.35 

1.15 

1.10 

.95 

.90 

.85 

.85 

.85 

.90 

.95 

1.00 

1.10 

1.80 

1.70 

1.76 

1.75 

1.75 

1.65 

1.80 

2.80 

1.80 

June. 

July. 

Ajig. 

Sept. 

Oct. 

1 

1.35 
1.65 
1.80 
1.80 
1.65 
1.70 
1.50 
1.55 
1.45 
1.55 
1.65 
1.45 
1.55 
1.65 
1.55 
1.55 
1.55 
1.55 
1.30 
1.35 
1.40 
1.85 
1.40 
1.30 
1.25 
1.25 
1.20 
1.20 
1.25 
1.20 

1.20 
1.25 
1.25 
1.20 
1.20 
1.20 
1.15 
1.55 
1.20 
1.15 
1.25 
1.20 
1.10 
1.15 
1.20 
1.70 
1.55 
1.25 
1.45 
1.35 
1.80 
1.20 
1.35 
1.70 
1.45 
1.45 
1.45 
1.40 
1.40 
1.30 
1.25 

1.20 

1.10 

1.06 

1.00 

.95 

.90 

.75 

.75 

.75 

.70 

.75 

.75 

.75 

.75 

.65 

.80 

.70 

.75 

.85 

.95 

1.50 

1.75 

1.65 

1.55 

1.45 

1.35 

1.25 

1.15 

1.00 

LIO 

1.30 

1.25 

1.00 

1.00 

1.00 

1.00 

.85 

.80 

1.00 

.95 

.00 

1.00 

.95 

.85 

.90 

.90 

.80 

1.00 

.95 

.95 

1.00 

1.05 

1.00 

1.00 

1.05 

1.00 

1.05 

1.00 

1.05 

1.00 

1.00 

1.05 
.95 
.95 
.90 
.90 
.85 
.90 
.80 
.90 
.85 
.90 
.95 
.85 
.85 
.90 
.85 
.80 
.75 
.70 
.65 
.60 
.60 
.65 
.65 
.60 
.40 
.40  . 
.40 
.40 
.40 
.40 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

18 

18 

20 

• 

22 

24 

26 

28 

0.80 
.60 
.25 

30 

31 

[River  heights  on  main  and  supplementary  gi 

m 


Frenchman  Biver  at  PaUaade,  Nehratika, 

agi 
gage.] 


ages.     Ga^e  heights  are  all  referred  to  original  sero  of 
Qfun  u 


1896. 

Jnne  18 

Jane  23 

June  25 

June  27 

Julyl 

July  3 

July  5 

July  7 

JulyO 

July  11 

JulvU 

July  16 

July  18 

Jnly2l 

Julv23 

Julv25 

July  28 

July  30 

Aug.  1 

Aug.  4 

Aug.  6 

Aug.8 

Aug.  25 

Aug.  28 

Aug.  31 

Sept.  4 

Sept.  9 

Sept.  12 

Sept.  14 

Sept.  20 

Sept.  29 


1. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
1. 
1. 
]. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
I. 
1. 
1. 
1. 
I. 
1. 
1. 
1. 
1. 
1. 
1. 
2. 


85 
11 
10 
06 
14 
13 
13 
03 
97 
94 
96 
99 
91 
89 
89 
87 
89 
89 
89 
89 
89 
88 
87 
87 
87 
83 
89 
84 
99 
98 
00 


1.66 
2.05 
1.93 
1.87 
1.96 
1.94 
1.93 
1.87 
1.75 
1.73 
1.74 
2.05 
1.75 
1.74 
1.74 
1.75 
1.75 
1.74 
1.72 
1.70 
1.69 
1.69 
1.79 
1.74 
1.76 
1.79 
1.74 
1.75 
1.79 
1.77 
1.79 


North 


1.11 
1.35 
1.35 
1.34 
1.40 
1.39 
1.38 
1.27 
1.15 
1.17 
1.19 
1.21 
1.18 
1.11 
1.13 
1.12 
1.13 
1.15 
1.14 
1.13 
1.18 
1.12 
1.08 
1.06 
1.09 
1.17 
1.13 
1.10 
1.17 
1  19 
1.23 


Differenoes  in  heights. 


South 

gftKO. 
main 

gage. 


0.19 
.06 
.17 
.19 
.18 
.19 
.20 
.16 
.22 
.21 
.22 
—.06 
+.16 
.15 
.15 
.12 
.14 
.15 
.17 
.19 
.20 
.19 
.08 
.13 
.12 
.04 
.15 
.09 
.20 
.21 
.21 


Main 

gag*, 
north 

gage. 


0.55 
.70 
.58 
.53 
.56 
.55 
.55 
.60 
.60 
.56 
.55 
.84 
.62 
.63 
.61 
.63 
.62 
.50 
.58 
.57 
.56 
.57 
.71 
.68 
.66 
.62 
.61 
.65 
.62 
.58 
.56 


South 

g»g». 
north 

gage. 


0.74 
.76 
.75 
.72 
.74 
.74 
.74 
.76 
.82 
.77 
.77 
.78 
.78 
.78 
.76 
.75 
.76 
.74 
.75 
.76 
.76 
.76 
.79 
.81 
.78 
.66 
.76 
.74 
.82 
.79 
.77 


DATIS.] 


GAGE   HEIGHTS   IN    KANSAS    BASIN. 
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Bepuhlioan  Birer  at  Junction  City,  Kansas. 


■  I  ! 

Day.  <  Jan.    Feb.  Mar.a  Apr. 


1 

3 

3 

4 

5 

6 

7 

8 

10 

11 

12 

13 

14 

15 

18 

17 

19 

20 

21 

22 

23 

24 

28 

29 , 

30 

31 


I 


3.55 

3.40 
3.30 
3.05 
8.10 
3.05 
2.90 
3.10 
3.05 
8.35 
8.  30 
3.30 
3.35 


3.65 

3.95 

I  4.05 

3.90 


30 
35 


3.50 
8.30 
8.20 
3.10 
3.05 
8.05 
3.20 
3.40 
3.30 
3.20 
3.15 
3.05 
3.20 
8.80 
3.40 
8.40 


80 
85 
05 
00 
3.80 
3.75 
3.85 
3.80 
3.75 
3.70 
3.65 
3.60 
3.60 
3.60 
3.55 
3.55 
3.55 
3.60 
3.60 
3.55 
3.55 
3.50 
3.55 
3.50 
3.50 


S.50 
S.&O 
S.60 
9.50 
S.50 
S.50 
S.50 
»S.50 
S.50 
S.50 
S.50 
S.50 
S.50 
S.60 
S.50 
S.50 
S.50 
S.60 
S.50 
S.60 
S.60 
S.50 
S.50 
S.60 
S.60 
S.60 
S.60 
S.60 
S.60 
S.60 
S.50 


3.50 
3.50 
3.50 
3..'H) 
3.50 
3.50 
3.50 
3.60 
3.65 
3.45 
3.40 
3.50 
3.45 
3.50 
4.90 
i  6.50 
I  6.75 
;  5.65 
5.10 
4.55 


26 

10 
10 
20 
90 


5.30 
5.40 
4.95 
4.75 
4.85 


Jane.  July.  Ang.  i  Sept. 


4.45 
4.30 
4.25 
5.25 
5.95 
6.20 
C.45 
6.45 
5.10 
4.50 
4.20 
4.10 
4.40 
5.40 
5.70 
5.90 
5.60 
5.00 
6.50 
7.00 
6.10 
5.30 
4.75 
4.40 
4.25 
4.05 
3.85 
3.80 
3.75 
4.05 
6.40 


4.90 
6.30 
7.20 
6.20 
6.20 
4.95 
4.95 
4.55 
4.65 
4.55 
4.30 
4.15 
3.05 
3.85 
3.85 
3.85 
3.75 
3.60 
3.55 
3.45 
3.70 
3.55 
3.55 
3.85 
4.05 
3.66 
4.15 
3.90 
3.85 
3.45 


3.55 
3.35 
3.30 
3.40 
3.35 
6.10 
5.80 
6.70 
5.40- 
5.00 
4.85 
4.95 
4.85 
4.55 
4.40 
4.20 
4.20 
10.97 
8.80 
6.50 
5.15 
5.65 
5.10 
4.35 
4.10 
3.80 
3.65 
3.60 
3.65 
3.46 
3.45 


4.00 

8.10 

3.80 

3.00 

3.60 

2.95 

3.45 

2.85 

3.60 

2.80 

8.60 

2.80 

3.45 

2.70 

3.35 

2.65 

3.25 

2.60 

3.15 

2.75 

3.00 

2.75 

3.55 

2.60 

3.70 

2.60 

3.65 

5.00 

3.20 

3.65 

3.00 

3.50 

3.00 

3.70 

3.00 

3.75 

3.20 

4.70 

4.60 

5.40 

4.95 

4.35 

5.35 

8.65 

4.70 

3.35 

4.36 

3.15 

4.05 

8.05 

3.80 

3.00 

3.75 

2.90 

8.95 

2.80 

8.65 

2.80 

3.36 

2.80 

3.25 

Oct. 

Nov. 
4.05 

2.80 

2.80 

4.25 

2.80 

3.90 

2.75 

3.55 

2.80 

8.40 

2.75 

8.30 

2.70 

3.20 

2.70 

3.10 

2.70 

3.10 

2.70 

8.10 

2.70 

3.20 

2.70 

8.20 

2.75 

3.20 

2.80 

8.20 

2.80 

8.20 

2.80 

3.30 

2.70 

8.80 

2.70 

3.30 

2.75 

3.85 

2.70 

3.85 

2.70 

8.80 

2.70 

8.25 

2.70 

8.05 

2.70 

8.10 

2.70 

8.00 

2.70 

8.60 

2.75 

8.60 

2.50 

8.40 

3.00 

8.30 

4.65 

8.60 

5.25 

Deo. 


8.70 
3.85 
8.80 
8.75 
3.95 
3.80 
3.60 
3.50 
8.50 
3.50 
3.50 
3.50 
8.50 
8.55 
8.60 
8.60 
3.65 
8.50 
8.30 
8.45 
8.50 
8.60 
8.80 
8.70 
8.50 
8.50 
8.50 
8.60 
8.70 
3.65 
8.75 


a  IHgurea  in  italics  are  eatimated. 
Solomon  Rivw  at  Beloit,  Kansas. 


Bay. 

Jan. 

Feb. 

Mar. 

2.00 
3.00 
2.75 
2.80 
2.26 
2.70 
2.70 
2.25 
2.90 

Apr. 

2.70 
2.35 
2.35 
2.40 
2.80 
2.75 
2.80 
2.75 
2.60 

1 
May. !  June. 

July. 
4.55 

Ang. 

4.95 
4.75 
4.45 
4.05 
3.95 
3.85 
4.10 
4.60 
4.:'6 
4.20 
4.00 
4.15 
4.00 
3.70 
3.60 
3.65 
3.45 
3.70 
3.65 
3.90 
4.55 
4.36 
4.40 
4.55 
4.95 
4.40 
4.25 
4.15 
3.90 
3.65 
3.90 

Sept. 

Oct, 

• 

1 

2.70 
2.70 
2.30 
2.70 
1.75 
2.70 
2.30 
2.70 
2.70 
2.70 
2.30 
1.90 
2.70 
2.30 
2.30 
2.70 
2.70 
2.95 
2.30 
2.90 
2.95 
2.95 
2.70 
2.95 
2.96 
2.30 
2.90 
2.90 
2.90 
2.90 
2.87 

2.90 
2.82 
2.92 
2.92 
2.92 
2.90 
2.92 
2.05 
2.42 
2.92 
3.00 
2.92 
2.55 
2.95 
2.92 
2.37 
2.82 
2.72 
2.75 
2.75 
2.72 
2.70 
2.25 
2.70 
2.70 
2.75 
2.70 
2.60 
2.75 

4.05 
4.20 
3.80 
3.65 
3.65 
3.55 

7.13 

3.75 
3.80 
3.50 
3.40 
3.40 
2.55 
3.25 
3.40 
2.85 
3.40 
3.45 
3.40 
2.85 
3.75 
5.25 
4.05 
3.75 
3.95 
4.00 
4.15 
3.95 
3.70 
3.60 
3.85 
3.55 
3.80 
2.65 
3.55 
3.10 
2.75 

3.20 

2 

9. 50     4. 25 

3.60 

3 

4 

7.20 
5.90 
4.85 
4.75 

4.50 
4.43 
4.80 
6.80 
6.00 
4.50 
4.25 

3.20 
2.40 

5 

3.10 

6 

2.60 

7 

3. 60     4. 90 

3.00 

8 

3.30 

5.55 

2.95 

9 

3. 20     4. 65 

3.15 

10 

2. 70     2. 60 

3.20     4.25  I  4.15 
3.40  ,  4.16  ■  5.20 

3.05 

11 

2.80 
2.75 
2.75 
2.75 
2.25 
2.65 
2.75 
2.70 
2.70 
2.76 
2.75 
2.60 
2.70 
2.70 
2.70 
2.75 
3.00 
2.80 
2.30 
2.76 
2.60 

2.00 
4.85 
15.  50 
11.60 
11.90 
5  80 
4.50 
4.35 
4.20 
4.60 
4.20 
3.90 
3.70 
3.70 
3.65 
3.50 
3.65 
4.05 
3.75 
3.75 

2.15 

12 

13 

3. 25  1  4. 10 

3.  30     4. 05 

4.  60     3. 80 
4.  80  1  3. 85 
4.  70  1  3. 60 
8. 32     3. 80 

4.70 
4.25 
4.00 
3.85 
3.65 
3.85 

2.80 
2.65 

14 

15 

18 

2.60 
2.60 
2.85 

17 

3.15 

18 

4. 40     3. 80  !  4.  05 

2.50 

19 

20 

4. 30     4. 20 
5. 40     4. 60 

3.95 
3.95 
3.90 
4.60 
4.05 
4.05 
.3.95 

2.75 
3.05 

21 

22 

4.80 
4.25 
4.00 

4.15 
4.00 
4.05 

2.65 
3.05 

23 

3.05 

24 

25 

3. 80  '  3. 75 
4.  35     3.  00 

2.80 
2.56 

S:::::::::::::: 

.4.16     3.95  ;  4.00 

2.66 

,    27 

1    28 

29 

30 

31 

3. 65  1  4. 05 
3.  70     4.  05 
3.  35     4. 10 
3.  30     5.  90 
3.70    

4.00 
3.90 
5.30 
16.75 
6.25 

2.65 
3.10 
8.50 
5.10 
3.75 

Nov. 


3.30 
2.90 
2.70 
2.90 
2.85 
2.80 
3.00 
2.20 
3.00 
3.00 
3.05 
3.00 
3.00 
3.00 
2.20 
3.05 
3.00 
3.00 
3.05 
3.10 
2.70 
2.40 
3.10 
3.10 
3.10 
2.30 
8.10 
2.90 
2.30 
8.06 


Dec. 


3.10 
3.00 
3.10 
8.10 
3.10 
2.30 
3.10 
3.10 
3.10 
3.10 
3.10 
3.30 
2.65 
:i.30 
3.25 
3.35 
3.05 
3.15 
3.10 
2.50 
3.15 
3.15 
3.20 
3.20 
2.60 
8.15 
2.50 
3.20 
3.20 
3.20 
3. 20 


I 
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RIVER   HEIGHTS   FOR   1896. 


[no.  IL 


Saline  Biver  at  Beverly y  KaneaB. 


l>ay. 


1 

2 

5.. «••••• 

6 

7 

8 

11 

12 

13 

U 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 


Jan. 

•  Feb. 

4.20 

4.45 

4.20 

4.50 

4.00 

4.45 

3.85 

4.80 

8.85 

4.70 

4.40 

4.45 

4.30 

4.35 

4.40 

4.35 

4.15 

4.25 

4.25 

4.15 

4.80 

4.25 

4.55 

4.25 

4.60 

4.35 

4.50 

4.35 

4.40 

4.30 

4.30 

4.10 

4.50 

4.15 

4.45 

4.20 

4.50 

4.15 

4.40 

4.40 

4.55 

4.25 

4.55 

4.25 

4.60 

4.35 

4.55 

4.20 

4.40 

4.15 

4.25 

4.20 

4.25 

4.30 

4.20 

4.40 

4.15 

4.25 

4.20 

...... 

4.40 

Mar.   Apr. ',  May 


4.35 
4.20 
4.15 
4.10 
4.25 
4.25 
4.30 
4.30 
4.45 
4.25 
4.50 
4.35 
4.30 
4.40 
4.40 
4.45 
4.25 
4.40 
4.25 
4.35 
4.30 
4.20 
4.35 
4.20 
4.30 
4.40 
4.30 
4.25 
4.40 
4.25 
4.10 


4.15 
4.30 
4.35 
4.20 
4.15 
4.20 
4.15 
4.60 
4.90 
4.65 
4.50 
4.45 
6.40 
9.70 
5.80 
5.05 
5.50 
6.40 
5.05 
4.80 
4.90 
4.76 
4.70 
4.65 
4.65 
6.60 
9.30 
7.35 
5.75 
5.30 


5.20 
5.85 
5.10 

10.65 
8.85 
5.20 
4.85 
4.70 
4.75 
4.65 
4.65 
i.70 
7.30 
7.40 
6.60 
7.25 
6.5U 
5.80 
6.75 
7.20 
6.55 
6.75 
5.20 
4.95 
4.70 
4.60 
4.55 
4.45 
4.40 
4.26 

13.00 


June..  July.!  Aug, 


20.25 

23.00 

23.50 

21.50 

13.06 

9.20 

12.10 

10.55 

8.50 

6.90 

6.50 

6.20 

6.05 

5.90 

5.70 

6.60 

5.80 

5.75 

5.60 

5.50 

10.80 

7.65 

8.86 

6.80 

6.20 

6.75 

8.30 

8.20 

8.00 

7.90 


7.00 
6.40 
6.95 
7.15 
6.95 
6.13 
5.75 
7.35 
6.00 
6.75 
8.10 
9.35 
6.90 
5.85 
5.55 
5.45 
5.80 
8.50 
7.65 
7.25 
5.95 
5.45 
5.25 
5.85 
5.55 
5.10 
5.00 
4.95 
4.90 
6.90 
5.85 


5.10 
4.80 
4.70 
4.80 
4.60 
5.00 
5.00 
5.,05 
4.65 
4.60 
4.85 
4.55 
4.65 
4.45 
4.20 
4.75 
4.95 
4.85 
4.70 
4.80 
4.75 
4.75 
7.50 
5.95 
5.10 
4.85 
4.65 
4.70 
4.66 
4.60 
4.45 


Sep  1.1   Oct. 


Nov.,    Dec. 


4.40 
4.50 
4.45 
4.20 
4.80 
4.15 
4.35 
4.30 
4.10 
4.45 
4.60 
4.80 
4.40 
4.40 
4.40 
4.60 
4.55 
4.45 
4.60 
4.70 
4.75 
4.60 
4.50 
4.50 
4.40 
4.35 
4.35 
4.40 
4.30 
4.45 


4.20 
4.35 
4.40 
4.20 
4.20 
4.30 
4.35 
4.35 
4.35 
4.35 
4.15 
4.35 
4.30 
4.85 
4.35 
4.85 
4.80 
4.20 
4.26 
4.10 
4.25 
4.85 
4.35 
4.25 
4.05 
4.30 
4.15 
4.40 
6.75 
16.86 
7.10 


5.65 
5.25 
4.90 
4.90 
4.75 
4.75 
4.75 
4.65 
4.45 
4.70 
4.65 
4.45 
4.30 
4.56 
4.30 
4.50 
4.60 
4.50 
4.60 
4.40 
4.40 
4.55 
4.20 
4.30 
4.55 
4.55 
4.30 
4.35 
4.30 
4.25 


4.20 
4.30 
4.40 
4.35 
4.30 
4.30 
4.15 
4.80 
4.65 
4.55 
4.66 
4.50 
4.40 
4.05 
4.70 
4.50 
4.55 
4.25 
4.50 
4.25 
4.35 
4.30 
4.25 
4.60 
4.50 
4.15 


Smoky  Hill  Biver  at  Ellatoorih,  KansorS. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 
1.72 

June. 

July. 

Aug. 
2.05 

Sept. 

Oct. 
1.45 

Nov. 
1.95 

Dec. 

1 

1.50 

1.40 

1.30 

1.20 

1.85 

2.63 

1.08 

1.33 

2 

1.50 

1.60 

1.27 

1.20 

1.67 

1.75 

2.45 

1.90 

1.60 

1.43 

1.85 

1.30 

8 

1.42 

1.50 

1.36 

1.20 

1.65 

1.62 

2.25 

1.78 

1.58 

1.40 

1.88 

1.80 

4 

1.42 

1.50 

1.27 

1.20 

1.70 

1.55 

2.20 

1.68 

1.53 

1.40 

1.78 

1.30 

6 

1.86 

1.60 

1.30 

1.20 

1.62 

1.00 

2.13 

1.65 

1.48 

1.43 

1.70 

1.28 

6 

1.32 

1.50 

1.30 

1.20 

1.60 

1.95 

2.03 

1.78 

1.45 

1.35 

1.63 

1.28 

7 

1.27 

1.40 

1.30 

1.20 

1.52 

4.05 

4.30 

1.88 

1.43 

1.35 

1.53 

1.30 

8 

1.42 

1.30 

1.30 

2.10 

1.60 

7.10 

2.10 

1.76 

1.40 

1.30 

1.60 

1.26 

9 

1.42 

1.35 

1.30 

1.42 

1.47 

3.75 

2.00 

1.65 

1.40 

1.80 

1.50 

1.23 

10 

1.35 

1.47 

1.30 

1.27 

1.50 

2.76 

1.93 

1.68 

1.50 

1.40 

1.45 

1.25 

11 

1.35 

1.40 

1.27 

1.20 

1.45 

2.45 

3.50 

1.50 

1.48 

1.35 

1.43 

1.25 

12 

1.32 

1.40 

1.27 

1.55 

1.47 

2.15 

2.90 

1.55 

1.40 

1.33 

1.40 

1.25 

13 

1.42 

1.40 

1.22 

2.30 

1.85 

2.05 

2.50 

1.58 

1.45 

1.30 

1.40 

1.25 

14 

1.36 

1.40 

1.37 

2.25 

1.72 

1.95 

2.23 

1.63 

1.43 

1.28 

1.36 

1.20 

15 

1.32 

1.40 

1.37 

1.85 

1.67 

1.85 

2.03 

1.68 

1.40 

1.25 

1.35 

1.20 

*16 

1.32 

1.40 

1.27 

1.97 

1.62 

1.83 

2.00 

1.60 

1.40 

1.23 

1.36 

1.20 

17 

1.27 

1.35 

1.32 

2.37 

1.55 

1.80 

1.98 

1.50 

1.40 

1.20 

1.30 

1.23 

18 

1.27 

1.35 

1.32 

3.00 

1.50 

1.83 

2.90 

1.50 

1.45 

1.20 

1.30 

1.18 

19 

1.30 

1.35 

1.25 

2.10 

1.50 

1.85 

3.60 

1.55 

1.90 

1.20 

1.20 

1.35 

20 

1.35 

1.32 

1.30 

1.97 

1.50 

1.73 

2.65 

1.50 

1.68 

1.20 

1.20 

1.26 

21.  

1.32 

1.32 

1.30 

1.97 

1.60 

4.30 

2.35 

1.50 

1.60 

1.20 

1.28 

1.20 

22 

1.85 

1.35 

1.30 

1.90 

1.47 

2.30 

2.08 

3.00 

1.63 

1.20 

1.15 

1.20 

23 

1.32 

1.35 

1.30  1  1.92 

1.60 

2.10 

2.15 

2.40 

1.68 

1.28 

1.23 

1.20 

24 

1.40 

1.30 

1.80  1  1.87 

1.47 

2.65 

2.15 

1.85 

1.70 

1.28 

1.25 

1.20 

25 

1.45 

1.30 

1. 27  1  4. 30 

1.40 

2.50 

2.00 

1.95 

1.70 

1.25 

1.25 

1.20 

26 

1.37 

1.30 

1. 30  2. 80 

1.40 

2.35 

1.03 

2.43 

1.68 

1.28 

1.33 

1.25 

27 

1.62 

1.30 

1. 30  2. 10 

1.35 

2.45 

1.88 

2.28 

1.68 

1.80 

1.35 

1.25 

28 

1.42 

1.30 

1.27 

2.00 

1.30 

3.85 

2.00 

2.05 

1.53 

1.30 

1.30 

1.20 

29 

1.40 

1.30 

1.20 

1.85 

1.30 

3. 30 

1.93 

1.93 

1.50 

2.63 

1.25 

1.20 

30 

1.40 

1. 20  1. 80 

1.30 

2.90 

2.40 

1.83 

1.48 

2.40 

1.30 

1.20 

31 

1.40 

1.20  

1.52 

2.20 

1.73 

2.28 

....... 

1.20 

lUVIB.] 
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Blue  Eivar  at  Manhattan,  Kansiia, 


Day. 

1 

Jftn. 

Feb. 

Apr.a 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

8.70 
3.60 
8.55 
8.70 
3.70 
8.80 
8.75 
8.75 
8.80 
3.85 
8.80 
8.70 
3.65 
8.50 
3.55 
8.60 
3.65 
3.60 
3.55 
3.50 
3.75 
3.60 
3.60 
8.30 
3.45 
3.65 
3.76 
8.80 
3.76 
8.70 
3.80 

3.80 
8.80 
8.75 
3.75 
3.75 
8.^0 
3.70 
8.85 
3.75 
3.75 
3.66 
3.65 
3.70 
3.55 
3.55 
3.60 
3.65 
3.65 
8.60 
3.70 
3.65 
3.40 
8.45 
8.55 
3.65 
3.60 
8.60 
3.45 

.4.... 

's.'m 

7.20 
9.05 
11.05 
10.20 
8.35 
7.20 
6.65 
6.05 
5.70 
6.35 
5.85 
5.20 
5.20 
5.25 

5.60 

5.35 

5.75 

18.95 

16.75 

18.25 

9.50 

7.60 

6.20 

6.45 

6.10 

5.75 

5.65 

11.20 

13.65 

12.30 

11.50 

11.00 

11.45 

14.40 

13.25 

11.35 

10.35 

11.05 

10.05 

9.00 

8.35 

7.65 

6.90 

6.40 

14.15 

20.55 

20.30 

13.85 

11.85 

8.80 

8.75 

8.25 

8.85 

14.50 

14.50 

12.30 

9.55 

7.20 

7.20 

6.85 

6.95 

5.60 

5.20 

5.00 

4.90 

4.30 

4.05 

5.10 

5.75 

5.45 

9.20 

12.60 

10.70 

9.40 

8.25 

11.15 

18.80 

2-2.25 

22.20 

19.00 

10.75 

8.15 

7.50 

7.75 

9.40 

9.25 

9.20 

9.35 

8.65 

7.75 

6.40 

6.25 

9.15 

13.90 

12.70 

12.00 

10.75 

9.35 

7.25 

5.00 

5.20 

5.40 

5.10 

4.65 

6.70 

11.60 

9.75 
8.80 
7.10 
6.70 
6.00 
5.70 
7.60 
8.25 
7.35 
7.35 
5.85 
5.45 
5.60 
8.10 
10.75 
9.70 
7.80 
6.95 
10.15 
15.85 
10.25 
7.75 
5.95 
6.75 
8.40 
6.90 
5.75 
5.45 
5.45 
5.10 
4.95 

4.80 
4.60 
4.85 
5.50 
5.20 
5.15 
4.95 
4.85 
5.05 
5.15 
5.00 
5.20 
5.15 
7.60 
9.75 
8.15 
6.65 
6.15 
10.50 
10.25 
7.60 
6.15 
5.85 
6.10 
5.40 
5.05 
5.00 
4.95 
4.80 
4.70 

4.70 
4.60 
4.55 
4.70 
4.85 
5.05 
4.90 
4.50 
4.25 
4.00 
4.80 
4.00 
3.90 
3.70 
8.60 
8.70 
3.80 
3.20 
3.15 
3.00 
3.00 
8.00 
8.00 
8.05 
3.00 
8.10 
3.00 
2.80 
10.00 
12.75 
12.25 

10.50 
8.50 
7.90 
7.00 
6.40 
5.90 
5.40 
5.00 
5.00 
4.90 
4.80 
4.50 
4.40 
4.30 
4.20 
4.00 
4.00 
3.80 
8.80 
3.50 
8.50 
8.50 
8.80 
8.80 
3.90 
4.85 
5  60 
5.40 
5.30 
5.20 

5.00 
5.00 
4.80 
4.65 
4.00 
4.00 
4.25 
4.55 
4.60 
4.80 
4.90 
5.00 
5.00 
5.00 
4.80 
4.80 
4.70 
4.70 
4.70 
4.50 
4.80 
4.00 
4.00 
.  3.80 
8.70 
8.50 
8.00 
8.00 
8.00 
3.65 
4.00 

'      2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

1» 

20 

21 

22 

23 

24 

25 

26 

27 

28 

S:::::::.:::::: 

31 

a  Ohaervtktkan*  discontinued  from  March  1  to  April  15 ;  observer  moved  away. 

KanBaa  Birer  at  Lecompton,  Kansas, 


Day. 

Jan. 

1 

Feb. 

Mar.' 

0.58 
.73 
.75 
.60 

•s 

.79  1 

.67 

.88 

.42 

.42 

.46 

.48 

.48 

.50 

.58 

.50 

.42 

.65 

.75 

.50 

.60 

.52 

.52 

.54 

.58 

.58 

.65 

.73 

.88 

.83 

.75 

Apr. 

May. 

June. 

July. 

Ang. 

3.08 
3.65 
3.21 
2.85 
2.92 
2.92 
2.50 
2.85 
2.94 
2.71 
2.25 
2.17 
2.08 
1.96 
1.92 
8.04 
3.21 
4.46 
4.25 
7.13 
6.63 
4.50 
3.79 
4.44 
3.75 
3.83 
8.04 
2.58 
2.42 
2.33 
2.29 

Sept. 

Oct. 

Nov. 

1 

0.82 
.76 
.85 
.66 
.42 
.49 
.57 
.56 
.63 
.65 
.77 
.88 
.87 
.04 
.85 
.66 
.60 
.54 
.53 
.58 
.53 
.51 
.54 
.55 
.18 
.84 
.87 
.60 
.53 
.98 
.87 

0.72 
.70 
.72 
.77 
.85 
.98 
.93 
.88 
.95 
.92 
.88 
.79 
.75 
.74 
.82 
.75 
.72 
.78 
.69 
.70 
.67 
.66 
.64 
.63 
.58 
.58 
.62 
.60 
.68 

0.73 

.71 

.67 

.67 

.65 

.67 

.79 

.77 

.83 

.75 

.75 

1.08 

1.25 

1.02 

.94 

.92 

.92 

1.50 

4.71 

5.00 

4.67 

8.83 

8.29 

2.83 

8.33 

4.04 

4.79 

3.92 

2.96 

2.60 

2.37 
2.37 
2.85 
2.42 
4.92 
6.54 
5.42 
4.33 
3.83 
3.60 
3.04 
2.58 
2.42 
3.08 
3.88 
8.46 
8.13 
6.58 
5.63 
8.67 
8.92 
8.13 
6.13 
5.67 
5.29 
5.18 
4.42 
3.83 
3.38 
2.98 
3.71 

8.50 
9.33 
8.67 
7.50 
6.17 
7.13 
6.92 
6.42 
5.92 
6.67 
6.79 
5.58 
4.92 
4.21 
3.54 
3.08 
2.79 
2.68 
2.38 
2.21 
2.17 
2.13 
2.25 
2.29 
2.67 
3.21 
3.54 
4.48 
4.46 
3.88 

3.25 
8.50 
5.96 
8.00 
8.25 
7.58 
5.13 
3.88 
3.58 
3.42 
3.54 
3.67 
3.75 
3.38 
2.96 
2.63 
2.40 
3.46 
10.25 
11.63 
9.96 
7.42 
5.58 
4.88 
4.00 
3.46 
8.08 
2.75 
2.50 
2.42 
2.29 

2.21 
2.04 
1.88 
1.58 
1.46 
1.25 
1.17 
1.17 
1.17 
1.18 
1.08 
1.19 
1.48 
1.38 
2.92 
4.71 
3.96 
2.67 
2.25 
2.08 
3.83 
3.08 
2.46 
2.33 
2.08 
1.81 
1.63 
1.52 
1.47 
1.38 

1.25 

1.21 

1.17 

1.21 

1.08 

1.15 

1.04 

.98 

.02 

.95 

.97 

1.00 

1.03 

1.00 

.95 

.90 

.92 

.86 

.85 

.83 

.83 

.81 

.77 

.75 

.75 

.74 

.75 

.75 

1.00 

1.29 

8.81 

4.40 
3.88 
3.50 
3.15 
3.13 
2.92 
2.38 

2 

a 

4 

5 

6 

7 

8 

9 

10 

11 

'•"*****i 

12 



18 

14 

15 

16 

17 

18 ;... 

10 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

31 
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RIVER   HEIGHTS    FOR   1896. 


[NO.  11. 


Kaiuas  River  at  Lawrence,  Kan/BaB. 


Day. 

Jan. 

Feb. 

0.50 
.50 
.45 
.45 
.40 
.45 
.55 
.55 
.60 
.65 
.50 
.50 
.60 
.50 
.50 
.45 
.45 
.55 
.40 
.40 
.40 
.50 
.50 
.45 
.45 
.45 
.40 
.45 
,40 

...... 

Mar. 

Apr. 

May. 

June. 

Jaly. 

2.10 
2.10 
3.60 
5.20 
5.60 
5.10 
3.90 
2.55 
2.45 
2.20 
2.25 
2.40 
2.40 
2.25 
1.95 
1.80 
1.60 
1.80 
6.0i) 
7.70 
6.66 
5.10 
3.80 
3.30 
2.90 
2.40 
2.10 
1.80 
1.70 
1.55 

Aug. 

1.70 
2.55 
2.25 
1.90 
1.90 
1.90 
1.70 
1.90 
2.15 
1.90 
1.50 
1.35 
1.30 
1.25 
1.20 
1.60 
2.25 
3.00 
3.40 
4.50 
4.70 
3.20 
2.60 
3.00 
2.60 
2.25 
1.90 
1.70 
1.45 
1.50 
1.45 

Sept. 

Oct. 

0.80 
.80 
.80 
.80 
.70 
.75 
.65 
.60 
.60 
.60 
.80 
.80 
.80 
.70 
.70 
.60 
.80 
.60 
.60 
.60 
.55 
.50 
.50 
.50 
.55 
.55 
.50 
.50 
.60 
.90 

2.15 

Nov. 

1 
Dec. 

1 

2 

3 

J::;;;:::::;::: 

6 

7 

8 

0.10 

.00 

-.25 

—.75 

.00 

.00 

+.10 

.05 

.17 

.17 

.15 

.30 

.25 

.25 

.30 

.35 

.30 

.30 

.30 

.40 

.35 

.30 

.25 

.30 

—.30 

—.05 

—.10 

—.40 

+.10 

.40 

.55 

0.50 
.45 
.45 
.40 
.45 
.40 
.40 
.40 
.40 
.40 
.40 
.35 
.25 
.05 
.35 
.40 
.20 
.35 
.30 
.35 
.40 
.40 
.40 
.35 
.40 
.30 
.30 
.35 
.45 
.50 
.50 

0.45 

.35 

.35 

.35 

.40 

.45 

.45 

.50 

.55 

.50 

.45 

.65 

.70 

.60 

.60 

.55 

.60 

.65 

2.85 

3.20 

3.10 

2.55 

2.10 

1.90 

1.90 

2.80 

3.00 

2.80 

2.00 

1.65 



1.50 
1.45 
1.55 
1.45 
2.70 
4.30 
3.80 
2.90 
2.55 
2.30 
1.90 
1.75 
1.60 
1.80 
2.20 
4.90 
5.70 
4.70 
3.80 
4.90 
4.85 
5.55 
4.00 
4.00 
3.50 
3.50 
3.00 
2.65 
2.30 
2.00 
2.20 

5.20 
6.30 
5.80 
5.20 
4.20 
4.40 
4.70 
4.30 
4.10 
4.25 
4.70 
8.85 
3.30 
2.90 
2.40 
1.95 
1.75 
1.66 
1.55 
1.35 
1.40 
1.36 
1.40 
1.55 
1.65 
1.95 
2.25 
2.90 
2.90 
2.50 

1.40 
1.25 
1.10 
1.00 
1.00 
1.00 
1.00 
.80 
.80 
.80 
.80 
.80 
1.20 
1.40 
3.20 
3.10 
2.60 
2.00 
1.60 
1.60 
2.10 
2.40 
1.90 
1.50 
1.30 
1.20 
1.20 
1.00 
1.00 
.90 

3.00 

2.70 

2.30 

2.30 

2.10 

1.80 

1.60 

1.40 

1.20 

1.10 

1.00 

1.00 

1.00 

1.00 

1.00 

.90 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

1.00 

.90 

.80 

1.00 

1.80 

1 

1.00     > 
1.00 

.80 

.90 
1.00 
1.20 
1.20 
1.20 
1.05 
1.00 
1.00 
1.00 
1.00 
1.00 

.90 

.90 

.90 

.85 

.90 

.80 

.80 

.80 

.80 

.80 

.80 

.85 

.90 

.85 

.80 

.80 

.80 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

1  1.55 

1 

Arkansas  Kiver  at  Canyon,  Colorado, 


Day. 


Jan. 


Feb.    Mar. ,  Apr.  \  May.  June.'  July.  Aug. ,  Sept. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
^10. 
11. 
12. 
13. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


2.46 
2.50 
2.50 
2.50 
2.55 
2  45 
2.50 
2.50 
2.50 
2.£0 
2.50 
2.45 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.55 
2. 56 
2.50 
2.50 
2.45 
2.45 
2.45 
2.50 
2.50 
2.^5 


2.40 
2.46 
2.40 
2.50 
2.50 
2.50 
2.00 
2.60 
2.50 
2.50 
2.50 
2.35 
2.35 
2.45 
2.45 
2.45 
2.45 
2.45 
2.45 
2.45 
2.45 
2.45 
2.55 
2.55 
2.50 
2.45 
2.45 
2.40 
2.40 


2.40 
2.30 
2.30 
2.30 
2.40 
2.40 
2.40 
2.40 
2.50 
2.50 
2.50 
2.40 
2.40 
2.40 
2.50 
2.50 
2.60 
2.60 
2.50 
2.50 
2.40 
2.50 
2.60 
2.60 
2.80 
2.80 
2.90 
3.20 
2.50 
2.50 
2.40 


2.50 
2.60 
2.60 
2.50 
2.50 
2.60 
2.50 
2.50 
2.40 
2.50 
2.40 
2.40 
2.40 
2.60 
2.70 
2.80 
2.90 
2.83 
2,75 
2.70 
2.60 
2.60 
2.50 
2.60 
2.75 
2.85 
2.95 
3.00 
3.05 
3.10 


3.05 
3.05 
3.30 
3.35 
3.40 
3.60 
3.80 
3.90 
3.75 
3.60 
8.55 
3.50 
3.40 
3.20 
3.10 
3.00 
2.90 
2.80 
2.80 
2.85 
2.05 
3.05 
3.15 
3.70 
3.80 
4.00 
4.00 
4.20 
4.25 
4.50 
4.60 


4.45 
4.00 
3.95 
3.70 
3.65 
3.70 
3.50 
3.40 
3.30 
3.35 
3.40 
3.30 
3.20 
3.10 
3.10 
8.00 
8.05 
3.00 
3.00 
2.95 
2.90 
2.80 
2. 80 
2.70 
2.70 
2.60 
2.50 
2.50 
2.40 
2.40 


2.30 
2.30 
2.25 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.15 
2.20 
2.20 
2.15 
2.10 
2.06 
2.96 
3.57 
3.20 
3.20 
2.80 
2.70 
2.70 
2.60 
4.13 
2.90 
2.80 
2.70 
2.60 
2.60 
2.45 
2.40 


2.40 
2.30 
2.20 
2.00 
1.95 
2.50 
2.36 
2.00 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
2.75 
2.45 
2.50 
2.40 
2.60 
2.50 
2.50 
2.40 
2.36 
2.15 
2.00 
1.95 
2.00 
4.60 
2.80 


2.60 
2.50 
2.25 
2.20 
2.20 
2.10 
2.10 
2.05 
1.95 
2.25 
2.30 
2.25 
2.20 
2.15 
2.10 
2.10 
2.10 
2.20 
2.35 
2.45 
2.30 
2.30 
2.30 
2.20 
2.20 
2.2(1 
2.20 
2.20 
2.20 
2.20 


Oct.  1  Nov. 

V 


2.16 
2.10 
2.10 
2.10 
2.10 
2.10 
2.05 
2.15 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.15 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.30 
2.30 


I 


2.30 
2.80 
2.30 
2.80 
2.30 
2.35 
2.40 
2.30 
2.35 
2.40 
2.50 
2.60 
2.50 
2.50 
2.50 
2.50 
2.50 
2.40 
2.45 
2.60 
2.60 
2.50 
2.50 
2.40 
2.40 
2.20 
2.10 
2.00 
2.00 
2.00 


Deo. 


3.55 
5.50 
8.00 


2.80 


2.50 


2.40 


2.70 


DATIB.] 
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Arkansas  River  at  PueblOf  Colorado. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

0.40 
.40 
.30 
.40 
.30 
.30 
.25 
.65 
.45 
.80 
.35 
.30 
.25 
.20 
.20 
.20 
1.80 
1.35 
1.10 
1.10 
.75 
.70 
.60 
2.63 
2.05 
.80 
.70 
.80 
.60 
.50 
.40 

Ang. 

Sept 

Oct. 

0.35 
.80 
.30 
.20 
.20 
.20 
.20 
.20 
.20 
.80 
,30 
.30 
.30 
.30 
.35 
.30 
.30 
.30 
.30 
.20 
.20 
.20 
.25 
.30 
.30 
.30 
.30 
.20 
.40 
.80 
.30 

Xov. 

Dec. 

1 

a35 
.40 
.35 
.85 
.70 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 

0.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.50 
.60 
.60 
.60 
.40 
.30 
.30 
.30 
.30 
.30 
.30 
.80 
.30 
.80 
.30 
.80 

0.40 
.40 
.40 
.40 
.40 
.40 
.40 
.35 
.30 
.30 
.30 
.20 
.20 
.40 
.30 
.40 
.85 
.40 
.40 
.40 
.35 
.40 
.40 
.40 
.40 
.40 
.50 
.60 
.40 
.85 
.80 

0.30 
.80 
.30 
.80 
.80 
.30 
.30 
.40 
.80 
.30 
.30 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.85 
.85 
.25 
.15 
.20 
.30 
.60 
.80 
1.45 
1.40 
1.25 
.90 

0.75 

.65 

.50 

.85 

1.25 

1.40 

1.65 

1.H5 

1.80 

1.60 

1.40 

1.45 

1.45 

1.30 

1.00 

.90 

.90 

.86 

.80 

.75 

.75 

.85 

1.05 

1.30 

1.70 

1.80 

1.80 

1.85 

2.05 

2.05 

2.50 

2.30 

1.95 

1.75 

1.70 

1.65 

1.60 

1  60 

1.46 

1.25 

1.35 

1.25 

1.05 

.95 

.85 

.90 

.95 

.95 

.90 

.80 

.80 

.50 

.80 

.70 

.60 

.60 

.60 

.60 

.45 

.50 

.40 

0.30 
.20 
.10 
.10 
.10 
.10 
.10 
.10 
.05 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
1.40 
5.05 
1.00 
.80 
.40 
2.40 
1.05 
.75 
.65 
.40 
.40 
.80 
.25 
.25 
1.66 

0.60 
.40 
.35 
.40 
.20 
.15 
.05 
.15 
.10 
.10 
.25 
.35 
.35 
.30 
.20 
.20 
.15 
.15 
.45 
.50 
.40 
.66 
.40 
.25 
.25 
.30 
.50 
.40 
.40 
.40 

0.30 
.30 
.30 
.30 
.80 
.30 
.30 
.25 
.25 
.30 
.40 
V  .40 
.30 
.30 
.80 
.35 
.35 
.30 
.25 
.30 
.30 
.30 
.50 
.45 
.40 
.40 
.76 
.85 
.10 
.10 

0.20 
.30 
.55 
.60 
.55 
.50 
.60 
.60 
.55 
.60 
.40 

2 

3 

4 

5 

6 

7 

g 

9 

10 

11 

12 

13 

.86  1 
.30 

14 

.46 
.40 
.40 

15 

16 

'  17 

..36 

18 

19 

.30  , 
.30  1 

20 

21 

22 

.30 
.30 
.40 
.30 
.20 
.20 
.36 
.40 
.80 
.30 
.25 
.80 

23 

24 

25 

26 

27 

28 

29 

1  30 

31 

Purgaiaire  Biver  at  Trinidad,  Colorado. 


Day. 

May. 

June,  a 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

8.15 
3.15 
8.10 
3.15 
3.10 
3  20 
3.10 
3.15 
3.15 
3.15 
3.10 
3  15 
8.20 
3.30 
3.15 
3.20 
3.20 
3.16 
3.15 
3.15 
8.06 
8.00 
8.00 
3.10 
8.10 
3.05 
8.15 
3.10 
8.15 
8.20 
8.35 

8.90 
3.80 
3.16 
3.13 
8.10 
3.10 
3.10 
3.10 
3.10 
3.00 
3.00 
2.85 
2.75 
2.55 

"'2.*80' 
2.80 

"2.86" 
8.00 
8.15 
3.25 
8.35 

8.45 
8.80 
8.20 
8.25 
8.26 
3.20 
3.05 
2.76 
2.80 

"3 '35' 
3.10 
2.95 
2.80 
2.80 
3.80 
3.40 
3.45 
3.60 
8.40 
3.60 
8.30 
8.30 
4.80 
6.45 
4.15 
8.00 
8.80 
8.80 
3.70 
8.70 

8.65 
3.80 
3.70 
8.66 
8.60 
8.70 
3.56 
3.50 
3.40 
3.40 
8.30 
3.30 
3.60 
3.25 
3.80 
3.30 
8.26 
4.66 
8.40 
3.60 
8.70 
8.60 
3.76 
3.65 
3.50 
3.50 
3.46 
3.40 
3.40 
8.40 
5.05 

3.60 
8.60 
8.80 
3.60 
3.65 
3.55 
8.40 
3.40 
3.45 
3.45 
3.4U 
3.35 
8.30 
3.30 
8.30 
3.30 
3.70 
3.80 
3.86 
3.80 
3.75 
4.20 
4.00 
3.90 
3.70 
3.65 
3.70 
3.70 
3.70 
3.66 

3.60 

3.60 

3.55 

3.60 

8.60 

3.60 

3.70 

3.60 

3.70 

3.70 

8.70 

3.70 

3.70 

3.75 

3.80 

3.80 

3.70 

3.70 

3.70 

3.70 

3.70 

8.70 

3.70 

3.75 

3.75 

3.80. 

3.70 

3.80 

3.80 

3.90 

3.80 

3.70 
3.70 
3.70 
8.60 
3.60 
3.60 
3.70 
8.70 
3.70 
3.70 
3.70 
3.65 
3.60 
8.60 
3.60 
3.60 
8.60 
.3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
8.60 
3.60 
3.60 

'  2::::"::::::;:;;;;::!-."::";:.. 

3 

4 

5 

6 

I   7 

8 

9 

]0 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24  

1  26 

26 

,  27 

28 

29 

30 

31 

•a  June  15  to  18,  20  to  26,  river  dry. 
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ArkansM  Biver  at  Hutchinsony  Kan§aa^ 


alee. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

AUR. 

1.80 
1.65 
1.80 
1.90 
1.85 
1.80 
1.80 
1.80 
1.66 
1.60 
1.50 
1.50 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.80 

Sept. 

Oct. 

Nov. 

Deo.   ' 

1 

2 

8 

1.95 
1.90 
1.85 
1.80 
2.15 
2.20 
1.95 
1.90 
1.85 
1.85 
1.80 
1.90 
2.10 
2.25 
2.40 
2.40 
2.40 
2.30 
2.35 
2.40 
2.40 
2.40 
2.50 
2.45 
2.40 
2.85 
2  90 
2.80 
2.75 
2.60 
2.50 

2.50 
2.50 
2.45 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.20 
2.20 
2.15 
2.10 

1.90 
1.85 
1.70 
1.70 
1.85 
1.90 
1.80 
1.80 
1.90 
1.95 
1.90 
1.90 
1.85 

1.50 
1.60 
1.50 
1.50 
1.50 
1.50 
1.45 
1.60 
1.50 
1.46 
1.45 
1.65 
1.70 
1.65 
1.60 
1.65 
1.90 
2.20 
2.15 

1.60 
1.55 
1.50 
1.50 
1.45 
1.40 
1.40 
1.40 
1.40 
1.50 
1.46 
1.40 
1.40 
1.50 
1.60 
1.70 
1.70 
1.65 
1.65 
1.56 
1.60 
1.60 
1.50 
1.50 
1.40 
1.60 
1.60 
1.45 
1.40 
1.30 
1.30 

1.80 
1.30 
1.30 
1.30 
1.30 
1.30 
2.85 
2.65 
2.00 
1.80 
1.70 
1.70 
1.65 
1.56 
1.50 
1.50 
1.60 
1.56 
1.50 
1.40 
1.60 
1.80 
2.86 
2.65 
2.30 
1.96 
1.76 
1.70 
1.70 
1.60 

1.55 
1.50 
1.56 
1.60 
1.50 
1.60 
1.60 
1.50 
l.iW 
1.65 
1.50 
1.45 
1.40 
1.40 
1.40 
1.60 
1.60 
2.30 
3.16 
2.65 
2.25 
2.22 
2.20 
2.85 
3.00 
2.40 
2.15 
2.00 
1.96 
1.85 
1.80 

1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.50 
1.45 
1.35 
1.30 
1.40 
1.65 
1.40 
1.35 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 



1.30 
1.30 
1.30 
1.90 
1.80 
1.80 
1.30 
1.30 
1.30 
1.40 
1.40 
1.30 
1.30 
1.30 
1.80 
1.80 
1.80 
1.30 
1.30 
1.30 
1.30 
1.50 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
2.00 
2.05 
1.85 

1.75 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.50 

1.50 

1.50 

1.60 

1.60 

1.50 

1.60 

1.50 

1.60 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.40 

1.40 

2.00 

2.00 

(a) 

(a) 

(a) 

1 
(a)     • 
(a)     , 
1.70 

4 

1.60 

5 

6 

1.60     ' 
1.60    , 

7 

1.60    • 

8 

1.60     > 

9 

1.60    t 

10 

11 

1.60 
1.60     1 

12 

13 

1.60 
1.60 

14 

2.10  1  1.90 

1.60 

15 

2.10 

l.flO 

i.eo 

16 

2. 00     2. 26 
2.00     1.85 
2. 00     1. 90 
2.05     1.95 

1.60 
1.60 
1.80 
1.70 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 

17 

18 

19 

20 

2.10  ,  1.90     2.10 
2.10     1.80     2.00 
2. 15     1. 80  1  2-  00 

21 

22 

23 

2.10  i  1.80 

2.05 

24 

2. 10  '  1. 75  >  1.  95 

25 

2. 10     1. 70 

1.90 

26 

2.10  !  1.70     1.80 

1.50 

27 

2.15     1.60 
1.95  1  1.60 

1.80 
1.85 
1.75 
1.65 
...... 

1.65 

28 

1.60    ; 

29 

1.90 

im 

1.60    1 

30 

'  1.65 

1.50 

1.50    1 

31 

1.60 

Verdigris  River  at  Liberty,  Kansas, 


Day. 

Jan. 

Feb. 

Mar. 

■ 

Apr. 

May. 

June. 

1 
July.  Aug. 

Sept. 

Oct. 

Nov. 

5.40 
4.45 
3.00 
3.65 
3.45 
3.40 
3.80 
3.20 
3.20 
3.10 
3.10 
3.00 
2.05 
2.90 
2.80 
2.80 
2.70 
2.70 
2.66 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.80 
14.50 
14.00 
6.85 
4.80 

Dec. 

1 

2 

4.60 
4.46 
4.05 
3.85 
4.00 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 

8.60 
8.80 
4.00 
3.90 
3.80 
8.60 
3.60 
3.50 
3.40 
3.30 
8.40 
3.40 
3.40 
3.40 
8.40 
3.30 
3.30 
3.30 
8.20 
3.20 
3.10 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 

8.00 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
8.00 
3.10 
8.20 
3.20 
3.20 
3.20 
3.20 
3.20 
.3.10 
3.10 
3.10 
3.19 
3.00 
3.00 
3.00 

3.00 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
3.00 
5.40 
4.40 
8.80 
3.60 
3.40 
8.30 
3.20 
3.10 
3.00 
8.00 
3.10 
3.16 
3.50 
3.15 
6.65 
8.10 
6.20 
4.85 
4.45 
3.00 

3.50 

3.40 

8.40 

3.80 

6.06 

4.20 

8.65 

8.25 

3.05 

2.90 

2.80 

2.70 

2.70 

2.70 

2.70 

8.45 

11.25 

10.65 

6.80 

12.25 

9.96 

6.46 

12.66 

23.75 

22.75 

20.60 

19.25 

13.00 

6.55 

6.25 

4.80 

4.65 
4.35 
4.20 
4.05 
3.85 
3.80 
8.65 
14.75 
21.66 
12.75 
6.26 
4.65 
4.16 
3.96 
8.75 
8.65 
8.40 
3.80 
3.20 
3.10 
3.10 
3.15 
3.20 
8.20 
8.25 
8.46 
8.40 
12.50 
8.10 
4.66 

4.00 
3.65 
3.45 
3.40 
6.70 
5.40 
4.35 
3.80 
3.60 
3.40 
3.30 
8.20 
3.10 
3.00 
2.90 
2.80 
2.70 
2.70 
7.00 
16.26 
16.50 
15.25 
7.00 
4.70 
4.10 
3.90 
8.80 
3.65 
3.45 
3.15 
3.00 

2.90 
2.80 
2.70 
2.60 
2.56 
2.45 
2.35 
2.30 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 

• 

1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.95 
1.95 
1.00 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
2.60 
3.35 
3.20 
3.00 
2.85 
2.65 
2.50 
2.50 
2.50 
2.50 
2.45 
2.40 

2.35 
2.25 
2.15 
2.10 
2.10 
2.00 
2.00 
2.00 
1.96 
1.90 
1.90 
1.90 
1.90 
1.90 
1.85 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
2.40 
3.70 
4.50 
8.85 
3.30 
3.a'> 
6.25 
14.00 
8.50 

4.40 
4. 10 

8 

3.90 
3.90 
3.80 

4 

6 

6 

7 

3.80 

8 

9 

10 

u 

*3.80  " 

12 

13 

14 

16 

3.90 
3.90 
3.90 
3.90 
8.90 
3.80 
8.70 
3.70 
8.70 
3.70 
3.70 
3.70 
3.70 
3.60 
3.60 
3.40 
8.40 
3.40 
3.40 
3.40 

3.00 

iio"' 

16 

17 

18 

19 

8.20    , 

"i'io "' 

20 

........< 

21 

3.00 

22 

23 

"sob*  ' 

24 

.......    i 

25..... 

8.00     ' 

26 

27 

28 

29 

::::;::: 

30 

31 
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Neosho  Biver  at  lola,  Kansaa. 


Day. 

Jan. 

2.95 
2.80 
2.60 
2.50 
2.70 
2.65 
2.55 
2.50 
2.55 
2.50 
2.50 
2.55 
2.50 
2.55 
2.50 
2.50 
2.55 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.50 

Feb. 

Mar. 

Apr. 

May. 

3.60 

8.40 

3.15 

7.58 

5.00 

3.85 

3.75 

3.40 

3.00 

2.90 

2.85 

2.80 

2.70 

2.70 

3.75 

11.55 

9.45 

7.  !0 

6.40 

5.55 

4.85 

16.25 

18.25 

20.10 

19.05 

16.50 

15.25 

10.75 

6.70 

5.05 

4.65 

June. 

July. 

Aug. 

Sept. 

Oct. 

2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.00 
2.10 
2.10 
2.10 
2.06 
2.05 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.05 
2.85 

Soy. 

Dec. 

1 

2.95 

2.95 

2.90 

2.70 

2.70 

2.70 

2.65 

2.55 

2.50 

2.50 

2.50 

2.50 

2.50 

2.50 

2.50 

2.  .50 

2.40 

2.40 

2.40 

2.40 

2.40 

2.40- 

2.40 

2.40 

2.40 

2.40 

2.40 

2.40 
2.40 
2.40 
2.40 
2.45 
2.45 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.30 
2.20 
2.20 
2.30 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.30 
2.40 
2.60 
2.50 
2.40 
2.40 
2.35 
2.30 
2.30 

2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
3.95 
10.25 
8.10 
6.85 
4.50 
3.75 
3.50 
3.35 
3.35 
8.45 
3.20 
3.05 
3.00 
2.80 
2.90 
4.25 
3.00 

o.-so 

7.70 
9.40 
6.95 
4.50 
3.85 

4.40 
4.00 
3.90 
3.80 
3.70 
3.70 
3.80 
6.45 
4.85 
4.30 
4.00 

8.30 
3.30 
8.30 
4.36 
4.95 
3.90 
3.80 
3.5U 
3.36 
3.20 
2.05 

8.00 
2.86 
2.80 
2.70 
2.60 
2.66 
2.50 
2.40 
2.80 
2.30 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2,15 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 

2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10> 

3.70 
3.35 
2.60 
2.40 
2.35 
2.35 
2.45 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.25 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.1C 
2.10 
2.15 
2.80 
4.85 
4.00 
3.55 
3.45 

3.26 
8.15 
2.85 
2.65 
2.55 
2.50 
2.50 
2.50 
2.50 
S.45 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.35 
2.30 
2.30 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 

2 

3 

4 

5 

6 

7 

;     8 

9........:.::.. 

10 

11 

12 

13 

3. 05     2. 80 
3. 70     2. 75 

14 

3.45 
3.35 
3.25 
3.15 
3.05 
3.00 
3.00 
2.95 
2.90 
2.90 
2.90 
3.40 
3.60 
3.45 
3.65 
3.45 
3.40 

2.70 
2.60 
2.60 
2.60 
2.65 
4.45 
5.46 
7.20 
7.75 
5.66 
4.30 
4.00 
3.65 
3.50 
3.30 
3.30 
3.20 
3.10 

15 

16 

17 

18 

.     19 

20 

21 

22 

23 

24 

1     25 

26 

27 

28 

29 

2. 50     2. 40 
2. 50     2. 40 

2.55    

2.75    

30 

31 

"•••■• 

Medicine  Biver  at  Kiowa,  Kanaaa, 


Day. 

Jan. 

Feb.    ' 

Mar. 

Apr. 

May. 

2.80 
2.50 
2.60 
2.50 
2.50 
2.40 
2.40 
2.40 
2.30 
2.20 
2.20 
2.20 
2.30 
2.30 
2.30 
2.20 
2.10 
2.10 
2.15 
2.20 
2.35 
2.40 
3.20 
3.00 
2.80 
2.70 
2.60 
2.55 
2.45 
2.40 
2.30 

June,  a 

July. 

Ang. 

Sept.  b 

Oct. 

1      2 

3 

2.50 
2.60 
2.60 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.70 
2.80 
2.70 
2.60 
2.60 
2.60 
2.70 
2.80 
2.76 
2.65 
2.60 
2.60 
2.50 
2.50 
2.50 
2.60 
2.60 
2.60 
2.60 
2.00 
2.50 
2.50 

2.50 
2.50 
2.50 
2.60 
2.60 
2.60 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
'2.60 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.40 
2.40 
2.40 
2.50 
2.50 

2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.80 
2.40 
2.40 
2.40 
2.40 
2.50 
2.60 
2.60 
2.70 
2.66 
2.60 
2.60 
2.60 
2.50 
2.50 
2.50 
2.60 
2.60 
2.60 
2.60 
2.60 
2.50 
2.45 
2.40 
2.40 

2.40 
2.40 
2.40 
2.40 
2.20 
2.20 
2.00 
2.00 
2.00 
1.90 
1.90 
2.20 
2.50 
2.66 
2.60 
2.60 
2.60 
2.76 
3.76 
8.70 
3.15 
2.75 
2.70 
2.65 
2.50 
2.50 
2.60 
2.80 
2.85 
2.80 

2.80 
2.80 
2.20 
2.20 
2.10 
1.90 
1.65 
1.30 
1.40 
1.20 
1.20 
1.20 
1.20 

........ 

""2'66' 

2.20 
4.00 
2.95 
2.93 
6.60 
5.35 
4.75 
4.25 
3.95 

3.66 
3.60 
3.10 
2.80 
2.80 
2.70 
2.60 
2.60 
2.60 
2.90 
2.95 
2.90 
2.85 
3.26 
3.80 
6.90 
6.00 
4.70 
6.60 
4.90 
3.70 
3.60 
8.40 
3.00 
2.76 
2,76 
3.60 
2.50 
2.50 
2.55 
2.50 

2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.00 
2.00 
2.00 
1.90 
1.00 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.50 
1.40 
1.40 
1.40 
1.40 

1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 

"'2.66* 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.35 
2.40 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 

2.10 
2.20 
2.20 
2.20 
2.20 
2.10 
2.20 
2.20 
2.20 
2.30 
2.35 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.30 
2.40 
2.40 
2.55 
2.80 
2.90 
2.85 
2.80 
2.60 
2.  GO 
.^.  OU 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

30 

2.05 

31 

2.75    1 

1 

a  Water  standing  in  pools  from  June  14  to  21. 

b  Water  standing  in  pools  from  September  9  to  13. 
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[no.  11. 


Cimarron  River  at  ArJcalonj  Kansas. 


Day. 

Jan. 

Feb. 

Mar. 

2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 

Apr. 

May. 

June. 

July. 

2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.85 
2.65 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.45 
2.40 
2.40 
2.40 

Aug. 

2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.35 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 

Sept. 

Oct. 

1 

2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.40 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.60 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.40 
2.40 

2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 

2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
8.00 
4.15 
3.00 
2.80 
2.70 
2.60 
2.60 
2.60 
2.50 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.50 
2.50 
2.50 
2.50 
2.50 

2.50 
2.50 
2.50 
2.50 
2.60 
2.50 
2.50 
2.50 
2.50 
2.40 
2.40 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 

2.50 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.4U 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.4U 
2.30 
2.30 
2.40 
2.40 
2.40 
2.40 

'  2.40 
2.40 
2.40 
2.40 
2.40 
2.40 

........ 

2.80 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.80 
2.80 
2.30 
2.30 
2.30 
2.30 
2.30 

2.30 
2.30 
2.30 
2.30 

2 

3 

4 

5 

2.30 

6 

2.30 

7 

2.30 

8 

2.30 

9 

2.30 
2.30 
2.30 
2.30 

10 

11 

12 

13 

2.30 

14 

2.30 

15 

2.50 

16 

2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.60 
2.50 
2.50 
2.50 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28 

27 

2.50 
2.50 

28 

2.50 
2.50 
2.50 
2.50 

29 

30 

31 

M<yra  River  at  Watrous,  New  Mexico. 


Day. 

Jan. 

Feb. 

1 

1 
Day. 

Jan. 

Feb. 

Day. 

Jan. 

Feb. 

Day. 

Jan. 

Feb. 

1.... 

1.90 

1.95 

9... 

1.90 

1.90 

17... 

1.90 

1.90 

i    25... 

1.90 

1.90 

2.... 

1.90 

1.95 

10... 

1.90 

1.90    ! 

18... 

1.95 

1.90 

1    26... 

1.90 

1.90 

3.... 

1.90 

1.95 

11... 

1.90 

1.90    ' 

19... 

1.95 

1.90 

27... 

1.95 

1.90 

4.... 

1.90 

1.92 

12... 

1.90 

1.90 

20... 

1.95 

1.90 

28... 

1.95 

1.90    1 

5.... 

2.02 

1.92 

13... 

1.90 

1.90    1 

21... 

1.95 

1.90 

1    29... 

1.95 

1.90 

6.... 

2.00 

1.92 

14... 

1.90 

1.90 

22... 

1.90 

1.90 

30... 

1.95 

7.... 

1.90 

1.92 

15... 

1.90 

1.90 

23... 

1.90 

1.90 

31... 

1.95 

8.... 

1.90 

1.92 

16... 

1.90 

1.90  ; 

24... 

1.90 

1.90 

■ 

Rio  Grande  at  Del  Norte,  Colorado. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

3 

3.12 
3.24 
3.28 
3.16 
3.20 
8.22 

2.96 
3.02 
2.08 
2.86 
2.80 
2.90 

3.12 
3.18 
3.10 
3.14 
3.10 
3.04 

2.08 
2.14 
2.46 
3.08 
3.20 
3.02 

4.18 
4.56 
4.52 
4.30 
3.96 
3.60 

3.62 
3.38 
3.06 
2.88 
2.72 
2.52 

1.74 
1.70 
1.64 
1.62 
1.6B 
1.64 

1.56 
1.52 
1.54 
1.52 
1.48 
1.46 

1.00 
1.50 
1.54 
1.48 
1.50 
1.74 

2.06 
2.00 
1.98 
1.94 
1.88 
1.86 

1.72 
1.64 
1.60 
1.58 
1.60 
1.72 

"i.62'" 


........1 

'i.72*" 

5 

7 

9 

11 

12 

13.. ..I 

16 

3.08 
3.12 
3.18 
8.26 
3.22 
3.16 
3.12 

2.78 
2.72 
2.78 
3.20 
3.24 
3.18 
3.24 

3.16 
3.02 
2.84 
2.76 
2.54 
2.50 
2.68 

2.98 
3.04 
2.94 
2.76 
2.78 
3.04 
3.90 

3.82 
3.24 
3.06 
3.22 
3.54 
3.80 
4.00 

2.34 
2.20 
2.12 
2.10 
1.98 
1.92 
1.86 

1.72 
1.70 
1.92 
2.22 
1.92 
1.80 
1.78 

1.44 
1.42 
1.42 
1.44 
1.42 
1.46 
1.44 

1.62 
1.58 
1.50 
1.52 
2.00 
2.28 
3.16 

1.82 
1.94 
1.84 
1.82 
1.78 
1.78 
1.80 

1.58 
1.56 
1.54 
1.52 
1.50 
1.54 
1.52 

17 

19 

21 

23 

25 

26 

i.64 

27 

3.06 
3.00 

3.20 
3.14 

2.54 
2.52 

4.22 
4.04 

4.08 
4.02 

1.82 
1.78 

1.70 
1.64 

1.40 

1.74 

2.68 
2.18 

1.84 
1.82 

1.48 
1.52 
1.64 



29 

30 

31 

2.98 

2.50 

1 

4.12 

3.94 

1.58 

1.62 

1.76 

1 

DATU.] 
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Bio  Grande  at  Embudo,  New  Mexico. 


Day. 

Jan. 

8.85 
8.25 
8.20 
8.35 
8.30 
8.20 
8.30 
8.35 
8.30 
8.30 
8.50 
8.55 
8.10 
8.00 
8.00 
8.10 
8.05 
8.10 
8.00 
8.00 
8.00 
8.10 
8.10 
8.10 
8.00 
8.00 
8.10 
8.20 
8.25 
8.25 
8.30 

1 

I  Feb. 

1 

8.30 
8.30 
8.10 
8.0O 
8.05 
8.20 
8.20 
8.30 
8.30 
8.20 
8.15 
8.10 
8.20 
8.25 
8.10 
8.05 
8.20 
8.25 
8.25 
8.30 
8.20 
8.25 
8.20 
8.25 
8.80 
8.80 
8.40 
8.45 
8.45 

Mar. 

Apr. 

May. 

10.70 

10.65 

10.45 

10.55 

10.85 

11.00 

10.90 

10.65 

10.40 

10.25 

10.10 

9.85 

9.65 

9.60 

9.50 

9.40 

9.40 

9.40 

9.25 

9.10 

9.0O 

8.90 

8.90 

8.90 

8.90 

9.00 

9.50 

9.50 

9.50 

9.50 

0.50 

June. 

July. 

Aug. 

7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.45 
7.60 
7.40 
7.40 
7.35 
7.80 
7.80 
7.30 
7.30 
7.80 
7.80 

Sept. 

7.30 
7.30 
7.80 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.80 
7.80 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
l30 
7.30 
7.30 
7.30 
7.30 
7.45 
7.70 
8.30 

Oct. 

Nov. 

7.50 
7.40 
7.40 
7.80 
7.30 
7.80 
7.30 
7.80 
7.40 
7.45 
7.50 
7.50 
7.60 
7.40 
7.40 
7.65 
7.95 
8.30 
8.40 
8.40 
8.35 
8.50 
8.50 
8.35 
8.25 
8.20 
8.20 
S.  10 
8.10 
8.10 

Dac. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

8.50 
8.50 
8.55 
8.40 
8.35 
8.35 
8.40 
8.35 
8.30 
8.40 
8.50 
8.60 
8.55 
8.65 
8.70 
8.75 
8.75 
8.60 
9.10 
9.10 
9.05 
8.85 
0.15 
9.85 
9.55 
0.60 
9.70 
10.10 
10.30 
10.20 
10.00 

9.50 

9.50 

9.50 

0.45 

9.55 

9.70 

10.05 

10.10 

10.10 

10.20 

10.30 

10.30 

10.30 

10.80 

10.30 

10.30 

10.30 

10.30 

10.05 

9.90 

9.70 

9.70 

9.70 

9.70 

9.80 

9.80 

9.95 

10.65 

10.80 

10.80 

9.15 
8.95 
8.80 
8.45 
8.40 
8.25 
8.20 
8.00 
7.90 
7.75 
7.60 
7.60 

7.30 
7.30 
7.30 
7.30 
7.30 
7.80 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 

9.30 
8.65 
7.45 
7.  SO 
7.50 
7.50 
7.50 
7.50 
7.50 
7.50 
7.50 
7.50 
7.60 
7.50 
7.60 
7.60 
7.60 
7.50 
7.50 
8.00 
7.85 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 

8.10 
8.10 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
7.90 
7.90 
7.90 
7.90 
7.W 
7.90 
7.90 
7.85 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
.......  I 

11 

12 

13 

7. 50     9. 65 
7.50     7.30 
7. 50     7. 30 

14 

16 

16 

7.50 
7.40 
7.40 
7.85 
7.30 
7.30 
7.30 
7.30 

7.30 
7.45 
7.50 
7.50 
7.60 
8.70 
7.30 
8.05 

17 

18 

1» 

20 

21 

72. 

23 

24 

7. 30     8. 00 
7.30     7.40 
7. 30     7. 40 
7. 30     7.  50 
7.30  '  7.50 
7.30     7.40 
7. 30     7. 40 
7.30  ^  7.30 

25 

96 

27 

28 

20 

30 

21     

Chama  River  at  Ahiquiu,  New  Mexico, 


Day. 

Jan.! 

Feb. 

Mar.' 

Apr. 

May. 

1 

June. 

July. 

1.70 
1.50 
1.60 
1.50 
1.35 
1.30 
1.30 
1.35 
1.80 
1.50 
1.65 
1.45 
1.45 
3.76 
2.75 
3.15 
3.65 
3.00 
3.25 
8.35 
2.85 
3.60 
2.70 
3.50 
2.95 
2.85 
2.75 
2.75 
2.95 
2.85 
2.75 

Aug. 

2.25 
2.10 
2.05 
1.95 
1.80 
1.70 
1.65 
1.50 
1.60 
1.J5 
1.56 
1.60 
1.50 
1.50 
1.45 
1.50 
1.55 
1.45 
1.50 
1.35 
1.45 
1.50 
1.85 
1.85 
1.80 
1.90 
1.35 
1.35 
1.45 
1.45 
1.15 

Sept. 

2.45 
2.85 
2.75 
2.85 
2.75 
2.20 
2.65 
8.35 
3.40 
4.40 
4.40 
3.65 
3.45 
2.90 
2.75 
2.55 
3.15 
3.15 
8.45 
3.05 
2.80 
2.00 
2.55 
2.55 
2.50 
2.30 
2.25 
2.35 
2.30 
2.20 

Oct. 

2.25 
2.35 
2.25 
2.85 
2.70 
2.85 
3.30 
3.40 
3.15 
2.90 
2.80 
2.75 
2.65 
2.70 
2.75 
2.70 
2.65 
2.60 
2.75 
2.70 
2.75 
2.65 
2.75 
2.85 
2.85 
2.85 
2.85 
2.55 
2.65 
2.75 
2.60 

Nov. 

2.25 
2.45 
2.25 
2.25 
2.40 
2.30 
2.25 
2.30 
2.25 
2.05 
2.10 
2.25 
2.15 
2.30 
2.25 
2.15 
2.25 
2.25 
2.10 
2.15 
2.25 
2.10 
2.10 
2.00 
2.35 
2.35 
2.30 
2.35 
2.15 
2.20 

Dec. 

1 

1.90 
1.80 
1.80 
1.85 
1.75 
1.70 
1.75 
1.70 
1.65 
1.55 
1.70 
1.75 
1.80 
1.75 
1.70 
1.80 
1.75 
1.75 
1.65 
1.45 
1.70 
1.35 
1.65 
1.70 
1.55 
1.55 
1.55 
1.65 
1.35 
.90 
1.10 

1.05   

1.90 

3.05 
3.35 
2.85 
2.65 
2.65 
2.50 
2.90 
2.85 
2.75 
2.75 
2.65 
2.50 
2.45 
2.55 
2.35 
2.15 
2.56 
2.25 
2.35 
2.15 
1.05 
1.85 
2.05 
2.15 
2.10 
2.15 
1.55 
1.85 
2.10 
1.85 
1.55 

1.90 
1.90 
1.85 
1.05 
1.10 
1.05 
1.45 
1.35 
1.45 
1.75 
1.45 
1.55 
1.35 
1.30 
1.6(1 
1.45 
1.35 
1.30 
1.40 
1.10 
1.10 
1.10 
1.25 
1.30 
1.40 
1.25 
1.50 
1.70 
1.65 
1.70 
...... 

2.15 

2 

.95    2.45 

1.15   1.80 

1.90 

3 

2.05 

4 

1.20    

1.15    

1.95 
2.95 
2.85 
3.25 
4.13 
3.60 
2.85 
2.70 
2.80 
2.85 
3.65 
3.05 
3.35 

2.20 

5 

2.10 
2.00 
1.90 
2.05 
2.00 
2.00 
1.95 
2.10 
1.90 
2.05 
2.06 
2.10 
1.95 
2.00 
1.95 
2.05 
2.15 
2.15 
2.05 
1.95 
1.85 
2.00 





6 

1.00 
l!55 

7 

8 

9 

1.65    

1.20  ' 

10 

11 

12 

13 

14 

1.10 
1.80 
1.45 
1.55 
1.10 
.95 
.95 
1.00 
1.45 
1.40 
1.20 
1.10 
1.50 
1.75 
1.55 
1.35 
1.60 
2.05 
2.15 

1.60 
1.75 
1.90 
1.70 
1.05 
1.50 

15 

16 

17 

1. 60  i  3. 30 
1.56     3.40 

18 

19 

1.30 
1.30 
1.35 
1.35 
1.45 
1.55 
1.50 
1.70 
2.55 
2.25 
1.85 
1.95 
1.70 

2.55 
3.40 
3.85 
4.10 
3.85 
2.95 
3.70 
3.85 
3.85 
3.55 
3.35 
3.25 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 :.. 

30 

31 

T"Rn    11_ 
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Jiio  Grande  at  Rio  Grande,  Xetv  Mexico. 


Day. 

Jan. 

Feb.  ' 

Mar. 


Apr. 
6.65 

May. 

8.25 
7.95 
7.85 
7.90 
8.10 
8.15 
8.35 
8.60 
8.35 
7.75 
7.45 
7.25 
7.10 
7.00 
6.90 
6.55 
6.46 
6.30 
6.00 
5.95 
5.85 
5.80 
5.80 
5.85 
6.00 
6.25 
6.35 
6.40 
6.35 
6.45 
6.30 

Jnne. 

July. 

4.20 
4.30 
4.25 
4.25 
4.20 
4.25 
4.10 
4.10 
4.08 
4.03 
4.00 
4.00 
4.60 
5.10 
4.30 
4.66 
4.85 
4.70 
5.40 
4.75 
5.00 
5.40 
5.15 
4.95 
4.65 
4.65 
4.50 
4.25 
4.20 
4.80 
4.25 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

4.40 

4.70    ' 

4.90 

4.90 

4.80 

4.90 

4.05 

5.00 

5.05 

5.05 

5.05 

5.00 

5.05 

5.10 

4.95 

5.00 

5.10 

5.00 

4.85 

4.75 

4.80 

4.80 

4.8C 

4.75 

4.70 

4.55 

1 

5.00 
4.90 
5.05 
5.15 

6.30 
6.25 
6.10 
5.90 
5.65 
5.40 
5.30 
5.20 
5.00 
4.85 
4.70 
4.55 
4.50 
4.60 
4.48 
4.30 
4.25 
4.20 
4.20 
4.15 
4.10 
4.10 
4.05 
4.00 
4.00 
4.25 
4.10 
4.10 
4.15 
4.20 

"i'.io 

4.10 
4.00 
4.00 
3.98 
3.90 
8.90 
8.90 
3.90 
3.88 
3.83 
3.85 
3.80 
8.80 
3.80 
8.80 
3.80 
3.80 
8.80 
8.80 
8.73 
3.70 
4.33 
3.95 
3.90 
4.00 
4.00 
4.00 
4.00 
4.13 

4.25 
4.20 
4.15 
4.10 
4.10 
4.18 
4.20 
4.05 
4.00 
4.35 
4.55 
4.95 
4.40 
4.40 
4.80 
4.20 
4.20 
4.80 
4.30 
4.45 
4.50 
4.40 
4.40 
4.45 
4.85 
4.25 
4.20 
4.80 
6.35 
5.10 

4.85 
4.80 
4.75 
4.70 
4.65 
4.60 
4.53 
4.95 
4.86 
5.00 
4.80 
4.70 
4.80 
4.90 
5.00 
4.98 
4.75 
4.65 
4.75 
4.70 
4.70 
4.75 
6.15 
5.00 
5.00 
4.90 
4.90 
6.05 
4.90 
4.80 
4.80 

4.80 
4.80 
4.80 
4.75 
4.70 
4.70 
4.58 
4.58 
4.65 
4.70 
4.70 
5.00 
5.10 
5.10 
5.10 
5.10 
5.10 
5.10 
5.10 
5.10 
6.10 
5.10 
5.10 
5.10 
5.15 
5.13 
4.95 
4.85 
4.30 
4.35 

2 

3 

4 

6 



...... 



6.' 50* 
5.35 

6.50 
6.45 
6.45 
6.40 
6.55 
6.85 

6 

5.30 
5.25 

7 

1     .. 

8 

•  •  " 

5.40     7.02 
5. 40     7. 50 
5. 45     7. 60 
5.55     7.80 
5.55  ,  7.87 
5.70  1  7.80 
5.  80     7.  65 

9 

10 

11 

12 

13 

14 

15 

5.85 
5.70 
5.75 

7.80 
7.80 
7.05 

16 

17 

5.20 
5.20 
5.20 
5.20 
5.20 

18 

5.65  >  7.90 
5. 60  1  7. 75 
5. 52  1  7. 50 
5.80     7.45 

19 ^. 

20 

21 

22 

6.20  1  fi-flO  1  7.60 

23 

•«••■• 

5.95     7.70 
6. 25     7. 60 
6.40  1  7.85 

24 

25 

26 

6.65 

7.95 
8.15 
8.35 
8.40 
8.45 

27 

6.05 
7.20 
7.25 
7.15 
6.90 

28 

29 

30 

31 

' 1 

Eio  Grande  at  San  Mardal,  New  Mexico. 


Day. 

Jan. 

1 

Feb. 

1 

Mar. 

7.20 

Apr. 

8.60 
8.45 
8.30 
8.10 
7.90 
7.90 
8.00 
8.00 
8.10 
8.20 
8.30 
8.40 
8.70 

May. 

Jane. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Deo. 

1 

7.45 

9.00 
9.00 
8.60 
8.50 
8.50 
8.50 
8.50 
8.50 
8.70 
8.70 
8.70 
8.70 
8.50 
8.50 
8.30 
8.20 
8.00 
7.50 
7.50 
7.50 
7.50 
7.20 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
6.95 
7.10 

7.80 

7.30 

7.60 

7.40 

7.40 

7.50 

7.00 

7.00 

7.00 

6.65 

6.40 

6.20 

aO.OO 

a  6. 00 

a6.00 

a6.00 

a  6. 00 

a5.60 
a5.eo 
a5.60 
a5.60 
7.00 
7.00 
66.60 
66.00 
66.00 
66.00 
66.00 
66.00 
66.00 
66.00 
66.00 
66.00 
6  6.00 

6.00 
6.00 
6.00 
6.00 
6.0O 
7.00 
6.66 
5.85 

(6) 

(6) 

(6) 

(ft) 

(6) 

(6) 

<6) 

65.50 

65.50 

65.50 

65.50 

65.50 

6  5.50 

65.50 

65.50 

65.50 

65.50 

7.50 

7.50 

7.50 

7.45 

6.90 

65.50 

65.50 

65.60 

65.50 

65.50 

65.60 

66.50 

65.50 

6  5.50 

65.50 

65.50 

66.50 

65.50 

66.25 

6.G5 

5.75 

65.50 

65.50 

65.50 

65.50 

7.50 

7.95 

7.60 

7.00 

7.00 

6.75 

66.50 

66.50 

66.50 

6  6.50 

;  6  6. 50 


65.60 

66.60 

65.50 

66.50 

65.50 

65.60 

65.60 

65.50 

65.50 

65.50 

65.50 

65.50 

6.95 

9.45 

11.00 

8.50 

7.00 

7.00 

7.00 

7.25 

6.00 

6.00 

6.00 

0.95 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 
6.66 
6.60 
6.50 
6.50 
6.50 
6.50 
6.90 
6.90 
6.90 
6.90 
6.90 
6.90 
6.90 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.10 
7.10 
7.10 
7.10 
7.10 
7.10 
7.22 
7.20 

7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.30 
7.30 
7.30 
7.50 
7.50 
7.50 
7.25 
7.25 
7.40 
7.35 
7.30 
7.30 
7.80 
7.60 
7.50 
7.43 

2 

7. 55     7.  ao 

3 

7.50 
7.40 
7.40 
7.40 
7.35 
7.30 
7.30 
7.30 
7.30 

7.20 
7.20 
7.20 
7.20 
7.20 
7.00 
7.00 
7.10 
7.10 
7.10 
7.00 

4 

5 

6 

7 

8 

9 : 

10 

11 

12 

7.30 
7.30 
7.30 
7.50 
7.40 

13 

14 

7.00  i  R.90 

15 

7.20 
7.20 
7.40 
7.40 
7.40 
7.58 
7.60 
7.40 
7.40 
7.50 
7.50 
7.50 
7.60 
7.70 
7.00 

8.90 
8.60 
8.50 
8.60 
8.65 
8.40 
8.40 
8.40 
8.40 
8.40 
8.45 
9.00 
9.00 
9.00 
9.00 
9.00 

16 

17 

7.40 
7.40 

18 

aO.OO    66.55 
a6.00  !    6.70 
a5.90       7.50 
a5.60       9.00 

19 .. 

7.40 
7.40 
7.45 

20 

21 

22 

28 

24 

25... 

26 

27 

28 

29 

7.50 
7.45 
7.40 
7.40 
7.50 
7.60 
7.45 
7.40 
7.30 
7.40 

7.50 
7.40 
7.40 
7.40 
7.40 
7.30 
7.30 
7.80 

a5.60 
a5.60 
a5.60 
a5.60 
a5.60 
a5.60 
a5.60 
a5.60 

8.25 
7.60 
7.00 
7.00 
6.50 
6.90 
8.00 
'    8.00 

30 

'  7.90 

8.20 

a5.60  '    7.50 
,    7.00 

1 

31 

1 

1 
1 

a  No  water  running. 


6  Dry. 


DAVIS.  ] 
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Bi4>  Grande  at  El  Paso,  Textu, 


'            Day. 

Jan. 

5.85 
6.05 
5.95 
6.00 
6.95 
6.10 
6.20 
6.30 
6.80 
6.25 
6.15 
6.40 
6.40 
7.85 
7.40 
7.40 
7.60 
7.40 
7.45 
7.50 
7.45 
7.80 
7.80 
7.25 
7.85 
7.25 
7.80 
7.20 
7.20 
7.10 
7.85 

Feb. 

Mar. 

Apr. 

1 

May. 

Jane. 

July. 

6.10 

5.80 

5.25 

5.15 

5.10 

5.10 

4.00 

.00 

.00 

.00 

.00 

.00 

.00 

Aug. 

6.70 
6.55 
6.40 
6.80 
6.05 
6.85 
5.55 
5.45 
5.35 
5.35 
5.25 
5.25 
5.20 
5.20 
5.00 
4.90 
4.75 
4.60 
4.60 
4.40 
4.80 
4.60 
4.40 

.00 

Sept. 

0.00 

5.70 

5.25 

5.25 

5.05 

4.80 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

5.50 

5.70 

7.85 

6.80 

6.20 

6.06 

6.00 

5.75 

Oct. 

5.55 
7.05 
7.60 
7.50 
8.00 
7.45 
7.50 
7.30 
7.05 
7.40 
7.20 
7.00 
6.90 
7.00 
8.65 
10.15 
10.60 
10.55 
8.75 
8.15 
7.75 
7.65 
7.55 
7.30 
7.75 
8.10 
8.00 
8.20 
7.70 
7.45 
7.25 

Nov. 

7.25 
7.15 
6.90 
6.80 
6.70 
6.65 
6.60 
6.60 
6.50 
6.40 
6.35 
6.30 
6.20 
6.10 
6.10 
6.10 
6.10 
6.10 
6.10 
6.10 
6.10 
6.10 
6.10 
6.10 
6.80 
6.80 
6.40 
6.60 
6.55 
6.50 

Dec. 

1 

7.80 
7.80 
7.80 
7.30 
7.80 
7.30 
7.85 
7.50 
7.45 
7.85 
7.25 
7.20 
7.10 
7.10 
7.05 
7.20 
7.10 
7.00 
6.90 
6.95 
7.15 
7.25 
7.20 
7.05 
7.00 
7.06 
7.00 
6.80 
6.70 

6.60     A  00 

8.65 
8.80 
8.80 
8.80 
8.80 
8.80 
8.80 
8.70 
8.50 
8.50 
8.65 
8.75 
8.85 
8.75 

5.40 
5.35 
5.35 
5.30 
5.30 
5.25 
5.20 
5.25 
5.15 
5.15 
5.15 
4.95 
5.05 

6.55 

2 

6.70 
6.85 

7.20 
A.&S  ' 

6.60 
0.60 
6.60 
6.50 
6.50 
6.50 
6.60 
6.55 
6.55 
6.50 
6.40 
6.85 
6.40 
0.50 
6.40 
6.40 
6.35 
6.50 
6.70 
6.70 

3 

4 

6.90  !  8.60 
6.80     8.45 
6. 70     A.  Xi 

5 

6 

7 

8 

9 

6.70 
6.70 
6.75 
7.70 
7.35 

8.15 
7.90 
7.70 
7.55 
7.15 

10 

11 

12 

7. 30  ;  7.  30 
7. 10  '  7.  SO 

13 

14 

7.00 
6.80 
6.50 
6.40 
6.80 

8.05 
8.95 
8.00 
8.65 
A.  fin 

5.10       .00 

15 

16 

8. 65  ,  5. 00 
8.55  '  4.80 

.00 
.00 
5.15 
8.88 
7.35 
7.25 
7.10 
7.90 
7.70 
9.60 

17 

8.35 
8.10 
8.00 
7.85 
7.65 
7.30 
7.15 
7.00 
6.85 
6.65 
6.46 
6.15 
5.05 
5.70 
5.45 

4.45 
4.30 
4.10 
3.80 

18 

19 

6.20  !  A.  45 

20 

21 

6.10 
6.10 
6.10 
6.05 

8.45 
8.65 
8.90 
A.AO 

22 

23 

6.70 
6.70    1 

24 

6. 36     A-  60 

6.70 

25 

6.76 
6.65 
6.35 

8.40 
8.50 
A.ifi 

A.  70  !     .00 

6.65 
6.70 

26 

.'.'.'.. .\  aIm  '    .00 

27 

".'o6' 

.00 
.00 

7.56 
7.10 
7.20 
7.10 
7.00 

.00 
.00 
.00 
.00 
.00 

28 

6.20     8.60 
6.10  1  8.65 
6.00  ,  8.55 
6.90    

29 

80 

31 

1 

1 

1 

Chrand  River  at  Grand  Junction,  Colorado. 


Day. 


1 
2 
3 
4. 

5. 

6 

7. 

8 

9 
10 
11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 


Apr.      May. 


1.10 
1.20 
1.10 
1.80 
1.45 
1.50 
1.50 
1.20 
1.15 
1.10 
1.10 


23 

1.60 

24 

1.90 

25 

2.50 

26 

2.70 

27 

3.80 

28 

3.70 

29, 

8.15 

3of...:: 

2.90 

81 

2.70 
2.65 
2.65 
8.20 
3.80 
8.90 
4.00 
4.80 
8.90 
8.80 
3.70 
3.55 
8.30 
2.90 
2.50 
2.80 
1.90 
1.90 
1.85 
1.85 
1.90 
1.90 
2.86 
3.25 
3.70 
3.90 
4.05 
4.45 
4.80 
4.55 
4.40 


June. 


4.65 
4.10 
8.65 
8.45 
3.80 
8.80 
3.25 
3.15 
2.90 
2.75 
3.06 
2.95 
2.80 
2.45 
2.85 
2.20 
2.15 
2.05 
2.00 
2.00 
1.85 
1.80 
1.75 
1.66 
1.55 
1.50 
1.50 
1.40 
1.30 
1.30 


1.20 

1.20 

1.10 

1.10 

1.05 

1.00 

1.06 

1.00 

.90 

.85 

.80 

.80 

.80 

.85 

.90 

.85 

.85 

1.00 

1.25 

1.25 

1.10 

1.00 

.85 

.80 

1.00 

1.40 

1.45 

1.55 

1.55 

1.35 

1.15 


Aug. 

Sept. 

1.05 

8.36 

.96 

8.40 

.85 

8.50 

.85 

8.40 

.70 

8.30 

.70 

8.25 

.65 

8.15 

.55 

8.80 

.45 

8.50 

.40 

4.85 

.25 

4.80 

.15 

4.40 

.05 

4.85 

.00 

4.15 

.00 

3.95 

.00 

8.70 

.00 

8.60 

.00 

3.60 

.00 

8.90 

.00 

3.80 

1.63 

3.75 

.40 

8.80 

a3.45 

7.20 

8.55 

5.70 

3.00 

4.55 

8.75 

4.45 

3.55 

4.40 

8.35 

4.80 

3.80 

4.80 

3.30 

4.10 

8.30 

Oct. 


4.10 
4.00 
8.05 
3.85 
3.80 
3.80 
3.80 
8.70 
3.70 
3.70 
8.70 
8.70 
3.70 
8.70 
8.65 
8.60 
3.60 
3.55 
3.50 
3.50 
3.50 
8.50 
3.50 
3.50 
8.50 
8.50 
3.40 
8.50 
8.50 
3.50 
8.50 


I 
Nov.   I    Dec. 

I 


3.50 

3.50 

3.50 

3.00 

8.40 

8.30 

8.30 

8.20 

8.20 

••••"•-• 

3.10 

3.00 

3.10 

3.20 

3.80 

8.30 

3.00 

3.30 

3.20 

3.30 

3.40 

8.40 

3.25 

3.10 

8.10 

3.10 

8.23 

3.40 



3.40 

3.40 

3.40 

2.90 

3.40 

8.40 

8.30 

8.10 

2.70 

2.80 

2.50 

•••••*■■ 

3.00 

a  New  rod  placed  in  position  reading  3  feet  higher. 
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[NO.  11. 


Dolores  i?irer  at  Dolore$,  Colorado. 


1 
2 
3 

4 

6 
6 
7 
8 
0 
10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
81 


M*r. 

Apr. 

3.20 

2.65 

3.10 

2.36 

3.00 

3.20 

2.90 

3.26 

2.80 

3.40 

2.76 

3.45 

2.60 

3.70 

2.50 

3.75 

2.55 

3.80 

2.60 

3.50 

2.65 

3.50 

2.65 

3.46 

2,70 

3.46 

2.70 

3.36 

2.75 

8.00 

2.70 

3.65 

2.75 

3.65 

2.60 

3.30 

2.60 

3.46 

2.70 

3.45 

2.70 

3.40 

2.85 

8.95 

2.90 

4.05 

8.10 

4.25 

8.40 

4.35 

3.45 

4.50 

3.25 

4.40 

8.20 

4.80 

3.10 

3.96 

3.06 

3.00 

8.05 

........ 

4.05 
4.30 
4.40 
4.35 
4.05 
4.30 
4.00 
4.05 
4.10 
4.10 
3.00 
3.80 
3.66 
3.40 
3.20 
3.15 
3.25 
3.30 
3.25 
8.75 
3.80 
3.90 
4.00 
4.10 
4.20 
4.25 
4.15 
4.30 
4.25 
4.10 
3.90 


July. 


Nov. 


3.75 
3.60 
3.45 
3.40 
3.30 
3.20 
3.20 
3.20 
3.10 
3.10 
3.10 
3.00 
3.00 
2.95 
2.90 
2.90 
2.90 
8.00 
2.90 
2.90 
2.80 
2.80 
2.80 


2.70 

2.70 

2.60 

2.60 

2.66 

2.70 

2.70 

2.70 

2.50 

2.70 

3.00 

2.65 

2.40 

2.70 

3.00 

2.60 

2.40 

2.60 

3.00 

2.60 

2.50 

2.60 

2.90 

2.70 

2.60 

2.60 

2.90 

2.75 

2.60 

2.60 

2.90 

2.85 

2.60 

2.60 

2.85 

2.90 

2.40 

2.70 

2.80 

3.00 

2.40 

2.70 

2.80 

8.00 

2.35 

2.80 

2.80 

3.15 

2.30 

3.10 

2.80 

3.00 

2.30 

2.90 

2.80 

2.96 

2.30 

2.75 

2.85 

3.00 

2.80 

2.75 

2.90 

3.10 

2.25 

2.76 

2.90 

3.60 

2.20 

2.70 

2.80 

8.06 

2.86 

2.70 

2.80 

3.00 

2.45 

2.70 

2.80 

3.06 

2.55 

2.70 

2.80 

3.00 

2.65 

2.80 

2.80 

2.86 

2.60 

2.80 

2.80 

2.80 

2.60 

2.65 

2.85 

2.86 

2.60 

4.17 

2.80 

2.80 

2.60 

4.05 

2.80 

2.75 

2.53 

4.40 

2.80 

2.70 

2.50 

3.20 

2.80 

2.66 

2.60 

3.10 

2.80 

2.60 

2.85 

3.10 

2.90 

2.60 

3.00 

3.10 

2.80 

2.60 

2.85 

3.00 

2.80 

2.60 

2.80 

2.80 

2.80 
2.80 
2.96 
2.95 
8.20 
3.40 
3.70 
3.35 
2.90 
2.90 
2.90 
3.00 
8.00 
2.90 
2.75 
2.75 
2.66 
2.65 
2.80 
2.75 
2.75 
2.70 
2.70 
2.70 
2.80 
3.20 
8.20 
8.20 
3.20 
3.20 


Fall  Creek  at  Seymour,  Colorado. 


Day. 

Apr. 

May. 

4.00 
4.00 
3.95 
3.90 
8.96 
4.05 
4.05 
4.15 
4.20 
4.05 
4.00 
3.80 
8.80 
8.70 
8.70 
8.75 
3.75 
3.60 
3.55 
8.55 
8.80 
3.95 
4.85 
4.35 
4.60 
4.90 
4.95 
4.86 
4.76 
4.70 
4.40 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

1 

4.20 
4.15 
4.15 
4.15 
4.15 
4.05 
4.00 
4.10 
4.10 
8.95 
8.85 
8.80 
3.86 
3.00 
8.40 
3.40 
3.45 
3.40 
3.35 
3.30 
3.10 
3.10 
3.05 
3.00 
3.00 
3.00 
3.00 
8.00 
3.00 
3.00 

8.00 
3.00 
2.05 
2.90 
2.90 
2.90 
2.00 
2.90 
3.20 
3.60 
3.56 
8.50 
8.45 
8.20 
8.00 
8.00 
3.20 
3.80 
3.30 
8.15 
3.00 
2.00 
2.90 
2.90 
2.85 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 

2.70 
2.60 
2.60 
2.60 
2.60 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.60 
2.60 
2.60 
2.60 
2.60 
2.50 
2.60 
2.60 
2.60 
2.60 
2.60 
2.55 
2.55 
2.55 
2.60 
2.65 
2.90 
2.85 
2.75 
2.70 

2.65 
2.60 
2.60 
2.05 
2.60 
2.60 
2.60 
2.60 
2.60 
2.95 
8.00 
2.90 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.75 
2.85 
2.80 
2.80 
4.46 
4.05 
4.75 
3.60 
3.35 
8.26 
3.10 
3.10 

8.00 
3.00 
2.05 
2.90 
2.85 
2.80 
2.80 
2.80 
2.80 
2.75 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.M) 
2.60 
2.65 
2.65 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.85 
2.50 

2.60 

2 

2.50 

3 

2.66 

4 

2.56 

5 

2.56 

6 

2.65 

7 

2.25 

8 

2.40 

9 

2.60 

10 

2.50 

11 

2.50 

12 

8.10 
3.15 
8.15 
3.05 
3.10 
3.05 
3.05 
8.05 
3.10 
3.15 
8.30 
3.55 
3.80 
4.00 
4.05 
4.00 
4.00 
3.90 
3.86 

2.50 

13 

2.55 

14 

2.45 

15 

2.65 

16 

2.55 

17 

2.45 

18 

2.50 

19 

2.50 

20 

2.45 

21 

2.50 

22 

2.60 

28 

2.60 

24 

2.60 

25 

2.60 

28 

2.05 

27 

2.30 

28 

2.60 

29 

2.90 

30 

8.05 

81 

DAT1S.] 
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Uncomp€ihgre  Biver  at  Uncampahgre,  Colorado. 


Day. 

Maj. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

4.00 
4.00 
8.90 
4.10 
4.20 
4.40 
4.50 
4.40 
4.80 
4.45 
4.05 
4.05 
8.95 
8.60 
8.50 
8.85 
8.85 
8.85 
4.80 
4.40 
5.06 
5.15 
5.15 
5.25 
5.00 
5.05 
5.45 
5  06 
4.90 
4.50 
4.60 

5.00 
4.80 
4.20 
4.40 
4.30 
4.25 
4.25 
4.45 
4.40 
4.30 
4.10 
4.15 
4.10 
4.15 
4.00 
3.85 
3.85 
3.90 
8.75 
3.80 
8.75 
3.70 
3.50 
8.75 
3.75 
3.60 
3.50 
3.60 
8.50 
8.45 

3.40 
8.20 
8.20 
8.20 
3.20 
8.20 
8.20 
8.50 
3.35 
8.20 
8.20 
3.85 
3.35 
8.45 
3.50 
8.80 
8.35 
3.35 
3.35 
8.45 
8.45 
8.80 
3.20 
8.00 
3.05 
3.05 
3.00 
8.00 
8.00 
8.00 
8.00 

8.00 
2.85 
2.80 
2.80 
2.90 
2.90 
2.00 
2.90 
2.85 
2.75 
2.75 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.80 
2.75 
2.85 
3.05 
8.06 
3.08 
8.08 
8.00 
3.08 
8.15 
3.10 
8.18 

3.08 
3.10 
8.18 
3.10 
8.10 
3.10 
3.05 
3.00 
8.13 
3.13 
3.48 
3.35 
3.23 
3.20 
8.23 
8.18 
3.10 
8.15 
8.18 
8.23 
8.25 
8.40 
8.90 
8.96 
8.65 
3.58 
8.48 
8.45 
8.43 
8.40 

3.85 
8.43 
3.35 
8.30 
2.2i 
3.20 
8.28 
8.25 
3.23 
8.23 
8.23 
8.23 
8.18 
8.18 
8.18 
3.13 
8.10 
8.10 
8.18 
8.08 
8.10 
3.06 
8.08 
3.05 
8.03 
3.03 
8.08 
8.10 
8.10 
8.13 
3.18 

8.13 
3.18 
8.13 
3.03 
3.03 
3.03 
8.00 
8.13 
3.13 
3.10 
3.03 
3.00 
3.08 
8.08 
3.18 
3.08 
8.18 
3.20 
3.20 
3.15 
3.15 
3.20 
3.20 
3.13 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

:    14 

.    15 

16 

17 

19 

21 

28 

26 

8.18 

3.10    1 

27 

3.10 

8.00 
3.00 
8.00 

29 

80 

31 

Blaok^t  Fork  Bivor  at  Granger,   Wyoming, 


Day. 

Apr. 

M.y. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

3.20 
8.50 

10.80 
9.40 
8.00 
7.70 
7.60 
7.80 

"6.86' 
6.70 
7.10 
7.40 
7.10 
6.50 

"h'io' 

6.00 
5.80 
5.50 
5.30 
5.20 
4.90 
4.60 
4.40 
4.20 
4.00 
8.80 
8.60 

'"i'.sb' 

8.40 

3.20 
3.10 
3.00 
2.90 
2.80 
2.70 
2.60 
2.60 
2.60 
2.50 
2.40 

*"2.*46* 
2.70 
3.30 
3.10 
2.90 
3.30 

"'"3.06' 
2.80 
2.60 
3.70 
2.00 
2.90 

"'2.'86" 
2.80 
2.70 
2.60 
2.40 

2.40 
2.40 
2.40 
2.40 
2.80 
2.30 
2.20 
2.00 

"i.m 

1.70 
1.70 
1.60 
1.50 
1.50 

'3.36' 
4.90 
5  20 
4.10 
5.25 
4.40 

""i-'oo" 

2.50 
2.20 
2.10 
2.00 
1.00 
2.40 
2.10 

2.00 
2.60 
3.00 
8.20 
1.90 

1.66 
1.70 
1.70 
1.70 
1.70 
1.70 

"'i'.hb' 

1.60 
1.60 
1.60 
1.60 
1.50 

1.80 
1.80 
1.80 

2 

8 

4 

8.40 
8.40 
4.00 
5.10 
5.00 
5.30 

6 

t.70 
1.70 
1.70 
1.70 
1.70 
1.60 

'  2.90 

6 

7 

1.92 

8 

9 

10 

11 

4.90 
4.70 
4.30 
3.80 
3.60 
3.50 

12 

1.70 
1.70 
1.70 
1.70 

•••••••• 

2.90 

13 

14 

1.90 

15 

16 

2.40 
2.60 
2.80 
2.90 
2.90 
2.90 

"2.'96" 

17 

la 

3.00 
2.60 
2.90 
3.30 
3.30 
3.40 
3.20 
3.20 

3.30 
3.30 
3.30 
3.30 
3.60 
4.0O 
4.60 
6.00 
6.60 
7.00 
7.70 
8.00 
8.40 

19 

20 

21 

1.66 
1.90 
1.90 
1.90 
2.00 
3.90 

22 

23 

"*"{.' do' 

2.90 
2.90 
2.90 
2.90 
2.80 
2.70 

"2.' 96" 

24 

25 

26 

27 

3.40 
3.50 
3.50 
3.20 

28 



2.00 
1.90 
1.80 

'    29 

30 

81 

i.97 

■ 
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[wall. 


Green  Bivw  at  Green  Eiver,  Wymning. 


Day. 

1 
Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1.62 
1.C5 
1.60 
1.60 
1.66 
1.65 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.50 
1.46 
1.45 
1.40 
1.36 
1.86 
1.27 
1.25 
1.26 
1.30 
1.25 
1.20 
1.20 
1.20 
1.20 
1.26 
1.80 
L80 

Oct. 

Dec. 

1 

1.90 
1.86 
1.87 
1.9U 
1.95 
1.90 
2.00 
2.15 
2.22 
2.25 
2.20 
2.16 
2.15 
2.10 
2.05 
2.06 
2.06 
2.00 
2.00 
1.96 
].90 
1.96 
2.02 
2.30 
2.65 
2.85 
2.90 
2.97 
3.87 
8.87 
4.27 

4.77 
4.97 
4.85 
6.15 
5.45 
5.86 
5.25 
6.02 
4.80 
4.90 
5.86 
6.75 
5.92 
5.82 
6.87 
5.97 
5.97 
6.06 
6.06 
6.18 
6.20 
6.00 
6.70 
5.45 
6.10 
4.93 
4.73 
4.65 
4.48 
4.28 

4.0€ 
8.98 
3.88 
3.80 
3.78 
3.70 
3.63 
3.60 
3.55 
3.50 
3.45 
8.40 
3.35 
3.86 
8.46 
3.70 
3.70 
8.65 
3.50 
3.43 
3.33 
3.25 
3.08 
2.98 
2.90 
2.88 
2.80 
2.78 
2.66 
2.60 
2.68 

2.68 
2.63 
2.43 
2.40 
2.85 
2.28 
2.20 
2.13 
2.08 
2.08 
1.98 
1.90 
1.85 
1.78 
1.73 
1.70 
1.70 
2.00 
1.83 
1.90 
2.08 
2.10 
2.15 
2.08 
1.93 
1.88 
1.78 
1.68 
1.68 
1.67 
1.60 

1.30 
1.80 
1.26 
1.25 
1.25 
1.20 
1.20 
1.20 
1.16 
1.15 
1.15 
1.15 
1.16 
1.10 
LIO 

1.60 
1.60 
1.60 
1.66 
1.66 
1.66 
1.66 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
1.80 
1.80 
1.80 
1.80 

2 , 

3 

4 

6 

6 

7 

8 

^ 

1.60 
1.65 
1.60 
1.55 
1.50 
1.67 
1.67 
1.70 
1.70 
1.62 
1.65 
1.62 
1.67 
1.67 
1.65 
1.50 
1.60 
1.67 
1.67 
1.85 
1.92 
1.90 

10 

11 

12 

13 

u 

15 

16 

17 

19 

21 

28 

26 

26 

1.80 

27 

1.80 

29 

81 

1 

Green  Jtiver  at  Blake,  Utah. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

2.65 

2.60 

2.60 

2.50 

140 

2.40 

2.40 

8.40 

2.86 

2.80 

2.26 

2.20 

2.20 

2.20 

2.16 

2.10. 

2.20 

2.80 

2.40 

2.50 

2.40 

2.80 

2.40 

2.60 

Dec. 

1 

1.66 
1.66 
1.76 
1.86 
1.70 
1.70 
1.60 
1.66 
1.70 
1.60 
1.66 
1.70 
1.60 
1.60 
1.46 
1.66 
1.66 
1.76 
1.60 
1.65 
1.70 
1.75 
1.76 
1.70 
1.60 
1.60 
1.60 
1.70 
1.70 
1.80 
1.80 

1.80 
1.70 
1.70 
1.70 
1.60 
1.70 
1.76 
1.70 
1.70 
1.80 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.70 
1.70 
1.80 
1.80 
1.90 
1.90 
1.90 
1.80 
1.80 
1.70 
1.75 
1.80 
1.80 

1.80 
1.80 
1.90 
2.00 
1.96 
2.00 
2.00 
2.00 
2.05 
2.10 
2.10 
2.10 
2.10 
2.20 
2.30 
2.85 
2.40 
2.66 
2.85 
8.15 
3.10 
2,76 
2.70 
2.80 
2.86 
3.05 
3.25 
3.40 
3.55 
3.70 
3.60 

8.60 
8.60 
3.50 
8.46 
8.40 
8.20 
8.00 
2.90 
2.90 
2.90 
8.00 
8.10 
8.20 
8.46 
8.60 
3.70 
3.76 
3.00 
3.85 
3.96 
4.10 
4.46 
4.10 
3.80 
3.60 
3.75 
4.10 
5.00 
5.70 
6.10 

6.86 
6.86 
6.00 
6.75 
6.65 
5.66 
6.80 
6.20 
6.65 
6.76 
6.85 
6.90 
6.76 
6.66 
6.40 
6.10 
6.70 
5.45 
5.20 
5.00 
4.85 
4.70 
4.70 
4.70 
4.85 
5.36 
5.80 
6.66 
7.46 
8.00 
8.40 

8.86 
9.80 
9.65 
9.66 
9.46 
9.26 
9.06 
8.96 
8.76 
8.70 
8.70 
8.46 
8.26 
8.20 
8.30 
8.26 
8.15 
8.00 
7.95 
7.75 
7.70 
7.56 

6.96 
6.76 
6.66 
6.86 
6.16 
6.06 
6.00 
4.80 
4.70 
4.60 
4.96 
4.86 
4.20 
4.26 
4.40 
4.80 
4.70 
4.80 
4.46 
4.80 
4.95 
4.70 

4.40 
4.30 
8.96 
3.76 
3.66 
8.60 
8.60 
8.46 
3.86 
3.30 
3.40 
3.36 
8.16 
3.00 
2.90 
2.80 
2.66 
2.60 
2.60 
2.50 
2.66 
2.85 
8.06 
3.20 
3.16 
3.30 
3.40 
3.66 
4.16 
3.45 
8.16 

1 

2.Vi  ''  B-10 

2 

8 

4 

2.85 
2.76 
2.66 
2.60 
2.60 
2.60 
2.45 
2.40 
2.70 
2.66 
2.86 
2.80 
2.70 
2.70 
2.70 
2.80 
2.66 
2.66 
3.46 
4.46 
3.00 
6.65 
4.75 
4.00 
4.26 
3.70 
3.45 
8.35 
3.20 

3.20 
3.06 
8.00 
3.00 
2.90 
2.86 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2  65 
2.50 
2.60 
2.50 
2.50 
2.50 
2.46 
2.40 
2.40 
2.40 
2.55 
2.40 
2.65 
2.66 

6....V. 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

******** 

18 

19 

20 

21 

22 

23 

7.60  1  4.56 
7. 40  1  4. 46 
7.36  1  4.40 

7. 15  4. 60 
6.90     4.60 
6.  56     4. 66 
6. 35     4. 60 

6.16  4.60 
i.fiO 

24 

25 

2.60  1 

2.70  : 

26 

27 

2.65 
2.45 

1 

28 

29 

30 

31 

1.80 

DAVIS.] 
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Skill  Juan  River  at  Arboles,  Colorado. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

5.85 
5.85 
5.90 
5.90 
5.85 
5.80 
6.00 
5.90 
5.80 
5.95 
6.90 
5.80 
5.90 
5.60 
6.80 
5.80 
5.80 
5.80 
5.80 
5.80 
5.80 
5.75 
6.05 
6.15 
5.95 
6.85 
5.85 
6.40 
6.10 
6.05 
5.95 

Nov. 

1 

7.15 
7.20 
7.50 
7.60 
7.65 
7.75 
7.66 
7.40 
7.26 
7.36 
7.25 
7.10 
7.05 
6.85 
6.75 
6.65 
6.60 
6.60 
6.80 
6.95 
7.26 
7.26 
7.36 
7.50 
7.60 
7.70 
7.60 
7.55 
7.85 
7.40 
7.40 

7.10 
7.00 
6.90 
6.80 
6.65 
6.60 
6.60 
6.50 
6.50 
6.40 
6.30 
6.30 
6.20 
6.20 
6.10 
6.00 
6.00 
6.00 
6.95 
6.96 
5.00 
6.90 
6.80 
5.80 
5.80 
6.70 
5.65 
6  70 
5.70 
5.70 

5.70 
5.70 
5.70 
5.70 
5.70 
5.85 
6.85 
5.70 
5.75 
5.75 
5.70 
5.70 
6.80 
5.85 
6.00 
5.86 
6.30 
6.25 
6.20 
6.85 
6.16 
6.15 
6.20 
6.15 
6.00 
5.96 
5.90 
5.80 
5.80 
5.80 
5.75 

5.70 
5.65 
5.60 
5.60 
5.75 
5.76 
5.66 
5.60 
5.50 
5.50 
5.50 
6.60 
6.50 
5.50 
5.50 
6.50 
5.60 
5.50 
6.50 
5.40 
5.40 
5.40 
6.40 
5.40 
5.50 
5.50 
5.50 
6.50 
6.20 
6.05 
5.90 

6.80 
6.70 
5.70 
6.05 
5.86 
5.70 
5.60 
5.60 
5.65 
6.35 
6.75 
6.45 
5.95 
5.80 
5.76 
5.70 
5.60 
5.60 
5.80 
6.05 
6.05 
6.80 
5.95 
6.90 
6.56 
6.20 
6.10 
6.00 
5.95 
5.90 

5.90 
5.90 
5.85 
5.80 
5.70 
5.60 
5.65 
5.50 
5.60 
5.65 
5.75 
5.70 
5.70 
5.70 
5.70 
5.75 
5.90 
5.85 
5.80 
5.80 
5.80 
5.80 
5.80 
5.80 
5.80 
5.80 
5.80 
6.80 
5.80 
5.80 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

6.80 
6.70 
6.70 
6.85 
6.85 
6.70 
6.70 
6.65 
6.60 
6.80 
6.00 
6.80 
6.90 
7.26 
7.60 
7.45 
7.25 
7.15 
7.15 

14 

15 

16 

17 

19 

21 

23 

25 

27 

28 

20 

81 

Piedraa  Biver  at  Arholet,  Colorado. 


Day. 

Apr. 

May. 

June. 

Jaly. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

4.65 
4.76 
4.80 
4.85 
4.90 
4.96 
4.65 
4.60 
4.80 
4.35 
4.25 
4.10 
4.06 
3.85 
3.80 
3.70 
3.70 
3.86 
8.05 
4.10 
4.15 
4.80 
4.35 
4.40 
4.30 
4.45 
4.50 
4.35 
4.25 
4.30 
4.30 

4.05 
8.86 
8.80 
3.70 
3.60 
8.60 
8.46 
3.40 
8.30 
3.30 
8.20 
3.20 
8.20 
3.10 
3.00 
8.00 
3.00 
8.00 
2.00 
2.00 
2.00 
2.80 
2.80 
2.80 
2.75 
2.70 
2.65 
2.70 
2.70 
2.70 

2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.70 
2.70 
2.70 
2.70 
2.70 
2.75 
2.86 
2.80 
2.70 
2.75 
3.00 
3.00 
2.95 
2.80 
2.85 
2.95 
3.05 
3.00 
2.85 
2.80 
2.70 
2.70 
2.70 
2.65 

2.60 
2.60 
2.50 
!2.50 
2.60 
2.60 
2.55 
2.60 
2.50 
2.50 
140 
2.40 
2.40 
2.40 
2.40 
2.40 
2.45 
2.50 
2.50 
2.40 
2.40 
2.40 
2.45 
2.50 
2.50 
2.50 
2.50 
3.15 
3.30 
2.80 
2.90 

2.80 
2.70 
2.70 
2.75 
2.80 
2,70 
2.60 
2.60 
2.60 
3.05 
3.26 
3.00 
2.90 
2.80 
2.75 
2.70 
2.65 
2.60 
2.75 
3.65 
3.15 
3.00 
4.60 
5.35 
4.45 
3.95 
3.70 
3.55 
3.40 
3.30 
........ 

8.20 
3.15 
3.05 
3.10 
3.06 
3.00 
8.00 
8.00 
3.00 
3.00 
3.00 
2.90 
3.00 
3.00 
8.00 
3.00 
3.00 
2.90 
2.90 
2.90 
2.80 
2.80 
2.90 
3.05 
8.05 
3.00 
3.00 
3.10 
3.00 
3.00 
3.00 

8.00 
3.00 
3.00 
2.96 
2.85 
2.80 
2.80 
2.75 
2.70 
2.85 
2.80 
2.75 
2.70 
2.70 
2.70 
2.75 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 

2 

a 

4 

s 

6 

7 

8 

0 

10 

11 

12 

4.00 
3.90 
3.90 
4.05 
4.05 
3.90 
3.86 
3.70 
3.55 
3.65 
3.86 
3.75 
4.00 
4.50 
4.75 
4.60 
4.45 
4.65 
4.65 

18 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

36 

26 

27 

28 

29 

30 

31 

72 
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AnifMU  River  at  Durango,  Colorado. 


D»y. 

Apr. 

May. 

7.20 
7.50 
7.65 
7.70 
7.95 
8.00 
7.65 
7.30 
7.05 
7.10 
6.90 
6.65 
6.40 
6.40 
6.35 
6.25 
6.25 
6.45 
6.65 
6.95 
6.95 
7.15 
7.30 
7.70 
7.35 
7.80 
7.75 
7.85 
7.65 
7.56 
7.35 

June. 

7.05 
6.85 
6.85 
6.85 
6.75 
6.66 
1J.65 
6.55 
6.45 
6.40 
6.25 
6.15 
6.15 
6.10 
6.05 
6.00 
5.95 
6.90 
5.  MO 
5.80 
6.70 
5.70 
6.65 
6.60 
6.60 
6.55 
6.60 
6.46 
6.60 
6.40 

July. 

Aug. 

Sept. 

Oct 

Not. 

Dec 

1 

5.40 
5.40 
5.30 
6.30 
6.30 
5.30 
6.26 
5.25 
6.30 
5.30 
5.45 
5.45 
5.45 
5.50 
5.50 
6.50 
5.56 
6.65 
5.70 
6.55 
5.60 
5.45 
5.50 
5.65 
5.60 
5.40 
5.40 
6.40 
6.36 
6.30 
5.25 

6.20 
6.20 
5.20 
5.15 
5.10 
6.10 
5.10 
5.10 
5.10 
5.10 
6.05 
6.00 
6.00 
5.00 
4.95 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.80 
4.80 
4.95 
6.25 
6.30 
5.20 

6.20 
5.16 
6.50 
6.10 
5.10 
5.10 
6.10 
6.10 
5.16 
6.40 
5.90 
5.65 
6.60 
5.55 
6.50 
6.40 
5.40 
6.85 
6.40 
6.36 
6.05 
6.90 
8.40 
9.30 
7.40 
6.90 
6.65 
6.45 
6.20 
6.10 

6.10 
6.00 
6  95 
5.90 
6.86 
5.80 
5.85 
5.70 
5.70 
5.65 
5.60 
5.60 
5.65 
6.70 
5.60 
5.00 
5.60 
5.55 
6.50 
6.60 
5.45 
5.60 
6.50 
5.60 
5.60 
5.40 
5.45 
5.60 
5.50 
5.45 
6.40 

6.40 
6.40 
5.40 
5.30 
6.30 
6.26 
6.25 
6.20 
6.25 
5.25 
5.30 
6.30 
6.26 
5.26 
6.30 
6.26 
6.30 
6.25 
6.30 
6.30 
6.30 
6.25 
6.20 
6.25 
6.20 
5.20 
6.15 
5.05 
6.10 
6.10 

5.10 

"6.'26  ■ 

*6.'i6"' 
6.10 

"5.00"' 

"6.'io" 

'6.06" " 

*"6.'io*' 

'5.'io" 
"5."i6*' 
"5.26  " 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

6.35 
6.15 
6.25 
6.45 
6.45 
6.40 
6.20 
6.20 
6.15 
6.25 
6.35 
6.56 
7.05 
7.50 
7.90 
7.75 
7.45 
7.20 
7.15 

13 

14 

16 

16 

17 

18 

19 

20..... 

21 

22 

23 

24 

26 

26 

27 

28 



29 

"6.00" 

30 

81 

Gila  River  at  ButteSf  Arizona. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1 

2.20 
2.20 
2.20 
2.15 
2.10 
2.10 
2.00 
2.06 
2.05 
2.05 
2.05 
2.05 
2.00 
2.00 
2.00 
2.00 
1.95 
1.95 
1.95 
1.95 
1.95 
1.90 
1.85 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
1.85 
1.90 

1.90 
1.85 
1.80 
1.85 
1.85 
1.80 
1.80 
1.75 
1.70 
1.70 
1.75 
1.75 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.74 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 

1.71 
1.71 
1.72 
1.80 
1.79 
1.79 
1.73 
1.79 
1.80 
1.80 
1.79 
1.87 
1.88 
1.90 
1.91 
1.92 
1.91 
1.87 
1.86 
1.84 
1.81 
1.79 
1.75 
1.71 
1.71 
1.71 
1.70 
1.70 
1.68 
1.66 
1.70 

1.76 
1.86 
1.87 
1.R8 
1.90 
1.90 
1.89 
1.85 
1.8L 
1.80 
1.74 
1.70 
1.70 
1.67 
1.64 
1.62 

1.48 

2 

1.48 

3 

1.47 

4 

1.46 

5 

6 

1.44 
1.41 

7 

1.40 

8 

1.40 

9 

1.38 

10 

1.37 

11 

1.38 

12 

1.36 

13 

1.34 

14 

1.32 

15 

1.31 

16 

1    9A 

17 

18 

1.62  !  1.27 
1.62     1.25 

19 

1.61     1.24 

20 

1.61     1.24 

21 

22 

1.60  i  1.23 
1.60  !  1.20 

23 

1.58 
1.55 

1.21 

24 

1.21 

25 

1.53     1.20 

26 

1. 50     1. 18 

.27 

1.50     1.16 

28 

l.-'il     1.15 

29 

1.50     1.14 

30 

1.48 

1.12 

81 

1.12 

Jane.  July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1.11 

0.93 

2.75 

2.50 

2.80 

8.80 

2.40 

1.10 

.90 

3.70 

2.38 

4.70 

8.66 

2.38 

1.09 

.91 

2.90 

2.25 

8.80 

3.60 

2.S8 

1.08 

.91 

4.40 

2.88 

5.20 

8.30 

2.85 

1.07 

.88 

'  3.20 

2.40 

3.70 

3.16 

2.31 

1.06 

.86 

3.60 

2.25 

3.80 

3.06 

2.30 

1.04  !    .86 

2.50 

2.13 

3.75 

2.05 

2.30 

1.03 

1.36 

2.25 

2.70 

4.80 

2.90 

2.30 

1.02 

1.20 

2.13 

3.95 

3.90 

2.80 

2.30 

1.00 

1.10 

1.98 

4.20 

3.80 

2.78 

2.29 

1.00     1.04 

1.90 

3.15 

3.00 

2.70 

2.28 

.09     1. 29 

2.00 

2.85 

3.25 

2.65 

2.28 

.98     1.24 

1.90 

2.05 

5.00 

2.60 

2.28 

.97  ;  1.20 

1.74 

2.95 

9.35 

2.60 

2.27 

.95  1  1.45 

1.70 

2.70 

7.90 

2.58 

2.27 

.93     4.50 

1.86 

2.56 

0.90 

2.55 

2.29 

.92     2. 30 

1.72 

2.20 

5.60 

2.50 

2.30 

.01  {  2.10 

1.85 

2.23 

4.80 

2.50 

2.80 

.91     2.10 

2.06 

2.50 

4.10 

2.48 

2.30 

.91  .  3.00 

2.22 

3.43 

3.70 

2.46 

2.28 

.  91     5. 40 

2.00 

3.10 

3.35 

2.44 

2.26 

.91 

8.10 

2.50 

2.80 

3.30 

2.42 

2.24 

.90 

5.10 

2.24 

3.00 

6.75 

2.40 

2.23 

.89 

9.30 

2.41 

2.35 

5.50 

2.38 

2.22 

.86 

4.60 

2.41 

2.40 

6.30 

2.40 

2.22 

.90 

3.00 

2.20 

2.25 

6.50 

2.46 

2.23 

1.32 

2.80 

2.18 

2.38 

5.50 

2.53 

2.23 

1.10 

2.50 

2.10 

2.32 

6.60 

2.50 

2.23 

.98 

2.15 

2.05 

2.15 

5.00 

2.48 

2.30 

.96 

2.10 

3.70 

2.05 

4.60 

2.44 

2.30 

.94 

2.00 

2.90 



4.10 

2.34 
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Colorado  Biver  at  Yuma,  Arizona. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May 
20.00 

June. 

... 

21.83 

July. 

Aug. 
19.83 

Sept 

Oct 

Not. 

Dec. 

1.... 

18.25 

19.00 

19.08 

19.42 

21.25 

19.88 

22.08 

19.42 

18.92 

:    2.... 

18.25 

19.08 

19.17 

19.42 

20.00 

22.00 

21.17 

19.42 

19.67 

20.83 

19  83 

18.92 

3.... 

18.17 

19.17 

19.25 

19.83 

21.50 

22.50 

21.00 

19.50 

19.67 

20.00 

19.17 

19.00 

4.... 

18.08 

19.42 

19.33 

19.42 

22.17 

23.25 

20.83 

19.60 

20.33 

19.67 

19.00 

18.88 

5.... 

18.00 

19.25 

19.42 

19.42 

22.42 

23.50 

20.67 

19.60 

20.67 

19.33 

18.83 

18.83 

«.... 

18.00 

19.25 

19.42 

20.00 

22.60 

23.83 

20.42 

19.60 

19.75 

19.00 

18.83 

18.83 

7.... 

18.00 

19.17 

19.42 

20.00 

22.83 

23.92 

20.42 

19.75 

19.60 

19.60 

18.75 

18.83 

8.... 

18.00 

19.08 

19.42 

19.92 

22.33 

24.00 

20.25 

20.00 

19.67 

19.00 

19.08 

18.83 

1      9.... 

18.00 

18.92 

19.42 

19.83 

22.25 

24.08 

20.25 

19.92 

19.42 

18.67 

18.92 

18.92 

'     10.... 

18.00 

18.92 

19.42 

19.83 

22.00 

24.00 

20.25 

19.75 

19.00 

18.67 

18.75 

18.83 

11.... 

18.00 

18.83 

19.42 

19.75 

22.25 

23.83 

20.25 

19.75 

18.83 

18.67 

18.75 

18.67 

12.... 

17.92 

18.83 

19.25 

19.67 

22.33 

23.75 

20.  UO 

19.75 

18.92 

18.75 

18.83 

18.42 

;   13.... 

17.92 

18.83 

19.17 

19.75 

22.42 

23.42 

20.00 

19.60 

19.33 

18.67 

18.75 

18.08 

•     14 

17.92 

18.83 

19.17 

19.83 

22.50 

23.17 

20.00 

19.83 

18.83 

18.67 

18.67 

17.83 

15... 

18.00 

18.83 

19.17 

19.07 

22.60 

22.92 

20.00 

19.25 

18.60 

18.60 

18.50 

17.75 

16.... 

18.17 

18.75 

19.17 

19.75 

22.75 

22.75 

20.00 

19.17 

18.42 

18.50 

18.50 

17.50 

17.... 

18.17 

18.67 

19.17 

19.75 

22.75 

22.75 

20.00 

19.00 

18.42 

19.00 

18.50 

17.42 

18.... 

18.17 

18.67 

19.17 

19.83 

22.60 

22.67 

20.25 

19.08 

18.60 

19.42 

17.92 

17.42 

19 

18.17 

18.60 

19.08 

20.00 

22.33 

22.42 

20.33 

19.42 

18.83 

18.83 

18.42 

17.60 

20.... 

18.17 

18.60 

19.08 

20.00 

22.17 

22.42 

21.00 

19.75 

18.92 

18.83 

18.42 

17.8:1 

21.... 

18.00 

18.50 

19.08 

19.92 

21.92 

22.17 

20.33 

19.00 

18.60 

18.75 

18.42 

18.00 

22.... 

18.25 

18.50 

19.08 

19.92 

21.60 

21.92 

20.08 

19.00 

18.92 

19.25 

18.42 

18.17 

23.... 

1&42 

18.67 

19.00 

19.83 

21.83 

21.92 

20.67 

19.00 

19.33 

20.00 

18.33 

18.26 

24.... 

18.50 

18.75 

19.00 

19.88 

21.08 

21.83 

20.75 

19.00 

19.25 

19.17 

18.25 

18.25 

25.... 

18.50 

18.76 

19.00 

19.88 

20.88 

21.67 

20.07 

18.75 

19.50 

19.67 

18.38 

18.33 

2«.... 

18.50 

18.88 

19.08 

19.92 

20.67 

21.60 

20.50 

18.76 

18.83 

19.19 

18.42 

18.33 

27.... 

18.60 

18.92 

19.17 

20.00 

20.50 

21.50 

20.00 

19.00 

18.42 

19.33 

18.60 

18.42 

28... 

18.67 

18.92 

19.25 

20.00 

20.51) 

21.50 

20.50 

19.00 

19.50 

19.17 

18.50 

18.42 

28.... 

18.75 

18.92 

19.33 

20.00 

20.75 

21.33 

20.50 

18.75 

23.17 

19.38 

18.83 

18.60 

80.... 

18.83 

19.50 

19.00 

20.67 

21.25 

20.88 

18.42 

24.60 

19.17 

18.88 

18.50 

81.... 

18.92 

19.50 

1 

1 

21.08 

20.75 

18.42 

19.38 

18.50 

Humboldt  Siver  at  Elko,  Nevada. 


Day. 

Jan. 

2.17 
2.15 
2.14 
2.15 
2.15 
2.17 
2.00 
2.00 
2.00 
2.00 
100 
100 
100 
100 
100 
2.17 

Feb. 

140 
145 
2.46 

Mar.o 

1 
Apr.a 

May. 

Jnne. 
5.30 

July. 

An«. 

Sept 

Oct. 

Nov. 

Dec. 

I 

160 
166 

150 
150 
150 
155 
160 
170 
175 
180 
190 
4.15 
4.20 
4.20 
4.20 
4.10 
4.00 
190 
190 
180 
170 
160 
150 
155 
155 
155 
160 
170 
195 
4.30 
4.55 

S  fiO 

160 
160 
160 
156 
150 
146 
140 
140 
130 
127 
125 
125 
125 
125 
120 
120 
120 
115 
110 
110 
110 
110 
110 
110 
105 
105 
105 
105 
105 
2.00 
100 

100 

100 

100 

100 

100 

100 

1.97 

1.96 

1.95 

1.93 

1.93 

1.93 

1.93 

1.93 

1.93 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.93 

1.90 

1.90 

1.90 

1.00 

1.90  1 

1.90  ' 

1.90 

1.95 
1.97 
1.97 
1.98 
1.98 
100 
100 
100 
100 
100 
100 
100 
106 
106 
105 
110 
110 
110 
110 
110 
110 
110 
110 
115 
115 
115 
115 
115 
115 
115 
115 

1 

100 
100 
100 
100 
100 
100 
100 
110 
120 
120 
125 
125 
180 
180 
135 
135 
135 
140 
140 
140 
140 
140 
140 
100 
140 
140 
140 
140 
140 
135 

135 
135 
185 
140 
140 
140 
140 
186 
130 
135 
140 
145 
145 
146 
145 
145 
150 
150 
152 
160 
150 
145 
145 
145 
150 
160 
150 
145 
145 
146 
150 

2 

6.00  I  s  40 

8 

150 
7.35 

5.20 

K.  00 

4 

180 
147 
147 
180 
134 
130 
2.47 

...... 

6 

7. 80     4..  R.^ 

6 

7.50 
7.70 
7.65 

4.60 
4.45 

7 

8 

185  1 

9 

7. 55     4. 20 
7.S5     4.15 
7. 10  1  1 95 
7. 20  ;  3. 90 
7. 40     3. 90 
7.  35     3. 80 
7.30  '  175 
7.35  1  165 
7. 45     3. 60 
7. 45     1 50 
7.45    ,140 
7.50  !  130 
7. 55     3. 20 
7. 40  ,  3. 10 
7.  20     2. 95 
7.10     2.90 
6.  90  1  2.  80 
6. 70     2.  75 
140  ,  175 
6  10     170 
6. 90     1 70 
5.  70     2. 65 
2.60 

10 

1 

11 

184 

'  a  i.»i 

12 

2.30  i 

3.45 
150 
8.60 
145 
160 
180 
190 
a.fio 

13 

14 

185 
130 
130 
2.34 

150 

15 

16 

17 

1 15  !  1 20 
110     2. 20 
114  ,  120 
127     2.20 

18 

19 

20 

■  3.00 

21 

22 

23 

24 

25 

26 

27 

28 

29 

127 
125 
120 
120 
125 
125 
125 
124 
135 
2.80 
2.36 

120 
120 
126 
125 
125 
130 
130 
130 
130 

170 
3.' 20* 

190 
195 
100 
180 
170 
180 
170 
175 
2.7.«> 

30 

31 

170 

a  Ob8er\'atioDs  dlsoontinned  fh>m  March  1  to  April  11 ;  gage  taken  by  flood. 
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Rumboldt  Eiver  at  Battle  Mountain,  Nevada. 


Bay. 

1 
June.  ,  July. 

Aug. 

1 

,. 

8.15 
a  10 
8.10 
8.05 
7.50 
7.80 
7.10 
6.80 
6.40 
6.00 
5.60 
5.80 
5.00 
4.80 
4.60 
4.40 
4.20 
4.10 
4.00 
3.80 
3.70 
3.60 
8.60 
3.30 
3.10 
3.00 
2.80 
2.70 
2.60 
2.40 
2.30 

2.10 

2 

* 

2.00 

3 

1.90 

4 

1.80 

5 

1.76 

6 

1.70 

7 

1.60 

A 

1.50 

9 

1.45 

10 

1.40 

11 

1.40 

12 

1.35 

13 

1.30 

14 

1.25 

15 

1.20 

16 

1.15 

17 

1.15 

18 

1.10 

19 

1.05 

20 

1.00 

21 

1.00 

22 

1.00 

23 

.95 

24 

.96 

25 

.90 

26 

.90 

27 

.90 

28 

8.25 
8.20 
8.20 

.85 

29 

.85 

30 

.80 

31 ..,,, 

.80 

Sept. 


Oct.       Nov 


Dec. 


0.80 
.85 
.90 
.90 
.90 
.85 
.85 
.85 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.75 
.75 
.75 
.75 
.76 
1.10 
1.00 
.90 
.90 
.85 
.85 
.85 
.85 
.80 


0.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.85 

.85 

.85 

.85 

.85 

.85 

.90 

.90 

.95 

.95 

.96 

1.00 

1.10 

1.10 

1.15 

1.15 

1.20 

1.20 

1.80 

1.85 

1.85 

1.40 

1.40 


1.40 
1.40 
1.45 
1.45 
1.50 
1.50 
1.50 
1.50 
1.55 
1.60 
1.70 
1.70 
1.70 
1.65 
1.65 
1.70 
1.70 
1.70 
1.70 
1.70 
1 1.75 
1.75 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.85 
1.85 


1.90 
1.90 
1.90 
1.90 
1.85 
1.80 
1.80 
1.80 
1  85 
1.85 
1.90 
1.90 
1.90 
1.90 
2.00 
2.00 
2.00 
2.00 
2.00 
2.05 
2.05 
2.05 
2.10 
2.10 
2.10 
2.10 
2.10 
2.15 
2.16 
2.15 
2.20 


Humboldt  Biver  at  Golconda,  Nevada, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

0.30 
.35 
.40 
.50 
.70 
.80 
1.60 
2.00 
2.40 
2.10 
2.00 
1.90 
1.70 
1.60 
1.50 
1.55 
1.60 
1.90 
1.70 
1.70 
2.10 
2.00 
2.00 
2.20 
2.30 
2.80 
2.40 
2.60 
2.60 
2.60 

May. 

June. 

July. 

Aug. 

Sept 

Oot. 

Nov. 

0.95 
1.00 
1.00 
1.00 
1.10 
1.10 
1.20 
1.20 
1.25 
1.20 
1.20 
1.80 
1.40 
1.50 
1.50 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.70 
1.70 
1.70 
1.70 
1.60 
1.50 
1.50 
1.55 

Dec. 

1 

2 

0.66 

.63 

.60 

.58 

.50 

.50 

.55 

.63 

.53 

.58 

.58 

.56 

.68 

.53 

.60 

.60 

.60 

.65 

.70 

.78 

.85 

.85 

1.05 

1.70 

1.10 

1.00 

1.30 

1.35 

1.40 

1.50 

1.50 

1.50 
1.60 
1.60 
1.75 
1.70 
1.70 
1.65 
1.70 
1.40 
1.60 
1.70 
1.70 
1.60 
1.50 
1.40 
1.40 
1.35 
1.37 
1.37 
1.25 
1.20 
1.15 
1.00 
1.00 
.90 
.80 
.85 
.75 
.60 

0.50 
.50 
.60 
.50 
.50 
.60 
.50 
.60 
.50 
.55 
.60 
.56 
.50 
.50 
.50 
.50 
.40 
.30 
.20 
.20 
.20 
.20 
.20 
.20 
.40 
.75 
.75 
.50 
.35 
.«5 
.30 

2.65 
2.70 
2.70 
2.70 
2.70 
2.80 
2.90 
3.20 
3.20 
3.20 
3.30 
3.30 
8.30 
3.30 
3.30 
3.30 
3.30 
3.35 
3.40 
3.45 
3.40 
3.45 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.70 
3.80 
3.90 

4.00 
4.00 
4.80 
4.50 
4.60 
4.80 
4.90 
4.90 
4.90 
5.00 
5.30 
5.75 
5.70 
5.90 
6.00 
6.10 
6.40 
6.70 
6.70 
6.80 
6.90 
6.00 
7.00 
7.00 
7.10 
7.10 
7.20 
7.20 
7.30 
7.40 

7.40 
7.40 
7.80 
7.20 
7.00 
6.90 
6.60 
6.50 
6.10 
6.80 
5.80 
5.50 
5.20 
5.00 
4.95 
4.85 
4.80 
4.70 
4.50 
4.80 
4.00 
3.90 
3.90 
8.60 
8.60 
3.50 
3.40 
3.40 
3.40 
3.10 
3.00 

3.00 
2.90 
2.80 
2.60 
2.50 
2.40 
2.20 
2.20 
2.10 
2.10 
2.00 
1.90 
1.80 
1.80 
1.60 
1.50 
1.50 
1.40 
1.35 
1.30 
1.20 
1.05 
1.00 
1.00 
1.00 
.90 
.80 
.80 
.75 
.70 
.70 

0.70 
.70 
.60 
.60 
.50 
.50 
.45 
.40 
.40 
.35 
.36 
.80 
.80 
.25 
.25 
.25 
.25 
.20 
.20 
.20 
.20 
.20 
.20 
.80 
.30 
.30 
.80 
.30 
.30 
.30 

0.30 
.30 
.85 
.40 
.40 
.50 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.70 
.70 
.70 
.70 
.70 
.70 
.75 
.80 
.80 
.80 
.90 
.90 
.90 

1.60 
1.60 
1.60 
1.70 
1.70 
1.70 
1.80 
1.80 
1.80 
1.85 
1.85 
1.80 
1.90 
1.90 
2.00 
2.00 
2.00 
2.10 
2.10 
2.15 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.00 
2.10 
2.15 
2.20 
2.20 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 
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Humboldt  Biver  at  Oreana,  Nevada, 


Day. 

Jan. 

Feb. 

Mar. 

2.80 
2.80 
2.70 
2.70 
2.50 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.60 
2.60 
160 
2.65 
2.65 
2.55 
2.40 
2.40 

Apr. 

May 

June.  July. 

Aug. 

4.70 
4.70 
4.60 
4.45 
4.40 
4.30 
4.20 
4.15 
4.10 
4.10 
4.00 
4.00 
3.90 
8.80 
3.80 
3.70 
3.60 
3.60 
3.50 
3.40 
3.50 
3.40 
3.80 
8.80 
8.20 
8.10 
3.00 
3.10 
3.20 
8.20 
8.20 

Sept. 

Oct. 

Nov. 

Deo. 

1 

'2.72 
2,72 
2.72 
2.73 
2.73 
2.78 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.81 
2.85 
2.81 
2.81 
2.82 
2.83 
2.84 
2.84 
2.85 
2.83 
2.82 
2.81 
2.81 
2.81 
2.81 
2.80 

2.40 
2.40 
2.40 
2.30 
2.80 
2.80 
2.30 
2.20 
2.05 
2.05 
2.05 
2.04 
2.04 
2.04 
2.04 
2.04 
2.03 
2.03 
2.03 
2.08 
2.03 
2.08 
2.08 
2. 08 
2.08 
2.03 
2.04 
2.04 
2.04 
2.04 

2.04 
2.04 
2.04 
2.04 
2.04 
2.04 
2.04 
2.04 
2.04 
2.05 
2.05 
2.06 
2.06 
2.07 
2.08 
2.09 
2.10 
2.10 
2.10 
2.80 
8.20 
8.40 
8.70 
4.90 
4.80 
460 
4.50 
4.25 
4.05 
8.95 
8.95 

1 
8.80     7.10 

3.20 
3.20 
3.20 
3.10 
3.10 
8.10 
3.00 
2.00 
2.80 
2.70 
2.70 
2.70 
2.70 
2.65 
2.65 
2.65 
2.60 
2.60 
2.60 
2.56 
2.55 
3.10 
8.00 
2.00 
2.60 
2.60 
2.55 
2.65 
2.60 
2.50 

2.45 
2.40 
2.40 
2.30 
2.20 
2.15 

2 

8.70 
8.60 
8.50 
3.40 
3.30 
3.35 
8.50 
8.50 
4.20 
4.60 
4.60 
4.70 
4.80 
4.80 
4.90 
5.10 
5.20 
5.40 
5.70 
6.70 
5.90 
6.10 
6.20 
6.30 
6.50 
6.50 
6.60 
6.80 
6.90 

7.10 
7.20 
7.30 
7.40 
7.50 
7.50 
7.50 
7.60 
7.65 
7.60 
7.50 
7.80 
7.10 
6.90 
6.70 
6.60 
6.40 
6.80 
6.10 
6.00 
5.80 
5.70 
5.60 
U.40 
5.80 
5.20 
5.10 
5.10 
5.00 
4.90 

3 

4 

5 

6 

••»••* 

8.20 

7 

2.10 
2.10 
2.05 
2.05 
2.05 
2.05 
2.05 

2.40 

8 

9 

10 

11 

li:::::::;::;:::  :  ::: 

2.70 

13 

14 

2.00 
2.00 

15 

16 

2.00 
1.95 
1.95 
1.90 
1.90 
2.20 
2.25 
2.25 
2.20 
2.20 
2.60 
2.50 
2.40 
2.40 
2.40 
2.40 

17 

18 

19 

2.80 

20 

21 

22 J.. 

23 

34 

25 

26 

2.80 

27 

2.70 
2.70 
2.70 
2.71 
2.72 

28 

29 

30 

81 

Boek  Creek  at  Battle  Mountain,  Nevada, 


Day. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

1 

1.90 
1.70 
1.77 
1.80 
1.75 
2.05 
1.92 
1.90 
2.05 
2.02 
2.05 
2.00 
2.02 
2.14 
2.15 
1.97 
2.10 
2.35 
2.55 
2.80 
3.65 
3.32 
3.37 
3.45 
3.65 
3.85 
4.40 
5.20 
4.60 
4.25 
4.00 

8.97 
8.60 
8.85 
8.27 
8.22 
2.80 
2.60 
2.55 
2.55 
2.50 
2.40 
2.80 
2.85 
2.57 
2.82 
2.55 
2.50 
2.47 
2.55 
2.50 
2.50 
2.50 
2.57 
2.50 
2.50 
2.70 
2.65 
2.60 
2.60 
2.68 

2.70 
2.75 
2.85 
2.85 
2.95 
8.06 
8.10 
8.10 
8.15 
3.20 
8.35 
3.50 
3.65 
8.85 
4.10 
4.20 
4.35 
4.60 
4.95 
5.10 
5.15 
5.20 
5.25 
5.55 
5.80 
5.88 
5.95 
6.00 
6.00 
6.10 
6.15 

5.90 
6.70 
5.50 
5.15 
4.95 
4.65 
4.40 
4.10 
3.85 
8.75 
3.50 
8.25 
8.10 
8.08 
8.05 
8.00 
8.00 
2.95 
2.03 
2.86 
2.88 
2.88 
2.65 
2.83 
2.88 
2.80 
2.78 
2.75 
2.75 
2.75 

2.78 
2.70 
2.66 
2.65 
2.68 
2.60 
2.58 
2.55 
2.50 
2.50 

IS 

2.40 
2.40 
2.35 
2.35 
2.30 
2.25 
2.20 
2.15 
2.10 
2.00 
2.00 
1.95 
1.90 
1.00 
1.85 
1.85 
1.80 
1.80 
1.60 

1.80 

2 

8 

4... 

6 

6 

7 

8 

9 

10 

11 

12 

1.85 
1.80 
1.80 
1.85 
1.80 
1.75 
1.75 
1.80 
1.77 
1.80 
1.80 
1.80 
1.76 
1.85 
1.80 
1.87 
1.92 
L92 

18 

14 

15 

16 

1    17 

18 

19 

20...* 

21 

22 

23 

24 

25 

26 

27 

28 

20 

30 

31 

76 


RIVER   HEIGHTS   FOR   1896. 
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South  Fork  of  Humboldt  Biver  at  Masons  Ranch,  Nevada, 


Day. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

Day. 

Aag. 

Sept 

0.80 
.80 
.80 
.80 
.80 
.90 
.90 
.95 
.95 
.95 
.95 
.95 
.95 
.95 

Oct 

Nov. 

Dec. 

1 

1.00 
.95 
.90 
.90 
.90 
.90 
.90 
.90 
.85 
.85 
.85 
.85 
.85 
.85 
.86 
.80 

0.95 
.95 
.95 
.96 
.95 
.95 
.95 
.95 
.95 
.96 
.95 
.95 
.95 
.95 
.96 
.95 

1.10 
1.10 
LIO 
LIO 
LIO 
LIO 
LIO 
LIO 
LIO 
LIO 
L15 
L15 
L15 
L15 
L15 
L15 

1 

LIO 
LIO 
L15 
L15 
L20 
1.20 
L80 
1.30 
L40 
L40 
L60 
LOO 
L60 
L50 
1.50 
1.40 

17 

LOO 
LOO 
LOO 
LOO 
LOO 
LOO 
LOO 
1.00 
LOO 
LOO 
1.00 
LOO 
L06 
L05 
L05 

L15 
1.20 
L20 
1.20 
L20 
1.20 
L15 
L15 
LIO 
LIO 
LOO 
LOO 
LOO 
LOO 

L40 
1.30 
L80 
L30 
L20 
L20 
L20 
1.10 
1.10 
LOO 
LOO 
1.00 
LOO 
LOO 
LOO 

2 

18 

8 

19 

4 

20 

5 

21 

6 

22 

7 

23 

8 

24 

0 

25 

10 

26 

11 

27 

12   

28 

18 

20 

14 

80 

LOO 
LOO 

15 

• 

31 

16 

Bear  Biver  at  Soda  Springs,  Idaho, 


Day. 

May. 

Jane. 

July. 

Aug. 

Sept 

Oct 

Day. 

May. 

June. 

JiUy. 

Aag. 

1 
Sept    Oct 

1 

5.90 

17 

8.20 

6.90 

5.30 

' 

2 

7.58 

5.40 

5.35 

18 

5.30 

1 

8 

5.85 
6.80 

'5.'76' 
6.66 

19 

8.00 
7.90 

"6.'86" 

6.40 

:::::::i 

4 

6.86 
6.80 

20 

' 

5 

7.70 

7.40 
7.80 
7.00 
6.90 
6.60 
6.80 
6.00 

21 

5.40 
5.40 

6.80 

1 

6 

22 

7.80 

6.80 

7 

7.03 

6.  SO 

28 

5.36 

8 

24 

7.70 

6.80 

6.46 

9 

8.40 
8.32 

'i'ilo 

5.30 

25 

26 

27 

6.60 
6.52 

5.40 

10 

7.60 

s.'io' 

5.40 

11 

5.30 

...... 1 

12 

28 

5.40 
5.40 

5.86 

!*"!'"'i 

13 

8.30 

6.00 
6.00 
6.00 

29 

6.80 

14 

6.50 
5.40 

5.30 

30 

81 

7.10 

6.86    1 

15 

8.40 

6.95 

6.40 

16 

6.30 

Bear  Biver  at  Battle  Creek,  Idaho. 


Day. 


1... 

2..., 

3.... 

4... 

5.... 

6..., 

7.... 

9.... 

10.... 
11.... 
12.... 
13.... 
14.... 
15.... 
16.... 
17.... 

XO. . .  I 

19.... 
20.... 
21.... 
22.... 
23.... 
24.... 
25.... 
26. ... 
27.... 


Jan. 


Feb. 


29. 
30. 
31. 


L40 
L40 
L40 
L40 
L40 
L40 
L40 
L40 
L40 
L40 
L40 
L40 
L40 
1.40 
L40 
L40 
1.40 
L40 
L40 
1.40 
L40 
L40 
L40 
L40 
L40 
L40 
1.40 
1.40 
1.40 
L30 
L30 


L30 
L80 
L30 
L30 
L30 
L30 
L30 
L30 
L30 
L80 
L30 
L30 
L40 
L40 
L40 
1.40 
1.40 
L40 
1.40 
L40 
L40 
L40 
L40 
1.40 
1.40 
L40 
L40 
L40 
L40 


Mar. '  Apr. 


L40 
L40 
L40 
1.40 
L40 
L40 
1.40 
L40 
1.40 
1.40 
L40 
L40 
L40 
L40 
1.40 
1.40 
L40 
1.40 
L50 
1.50 
1.50 
1.60 
L70 
1.70 
1.80 
LOO 
2.  CO 
2.10 
2.10 
2.20 
2.30 


2.30 
2.40 
2.50 
2.60 
2.60 
2.70 
2.80 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.70 
2.70 
2.70 


May. !  June. 


2.70 
2.80 
2.80 
2.80 
2.80 
2.90 
2.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.  CO 
3.00 
3.00 
3.00 
2.90 
2.00 
2.80 
2.80 
2.70 
2.70 
2.80 
2.00 
3.05 
3.25 
3.50 
3.60 
4.05 
4.25 


4.45 
4.65 
4.70 
4.70 
4.80 
4.90 
4.80 
5.05 
5.15 
5.45 
5.60 
5.50 
5.35 
6.20 
5.10 
5.00 
5.00 
4.90 
4.80 
4.80 
4.70 
4.60 
4.50 
4.50 
4.40 
4.30 
4.20 
4.05 
3.85 
3.70 


July. 


3.60 
8.45 
3.25 
3.10 
2.95 
2.80 
2.70 
2.70 
2.60 
2.60 
2.50 
2.50 
2.40 
2.40 
2.40 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 


Aug.  Sept. 


Oct.  I  Nov. 


Deo. 


2.10 
2.10 
2.00 
2.00 
2.00 
LOO 
LOO 
L80 
L80 
1.80 
1.80 
1.80 
1.70 
L70 
1.70 
1.70 
L70 
1.70 
1.70 
L70 
L70 
L70 
L70 
L70 
L70 
1.70 
L70 
L70 
L70 
LOO 
LOO 


LOO 
LOO 
LOO 
1.60 
LOO 
1.60 
L60 
LOO 
LOO 
LOO 
1.60 
LOO 
LOO 
1.60 
L60 
L60 
L60 
L60 
LOO 
1.60 
1.60 
LOO 
1.60 
LOO 
LOO 
1.60 
LOO 
LOO 
LOO 
LOO 


LOO 
LOO 
LOO 
LOO 
LOO 
LOO 
1.60 
L60 
1.60 
1.60 
1.60 
1.00 
1.60 
1.60 
L60 
1.60 
1.60 
1.60 
L60 
1.60 
LOO 
LOO 
LOO 
LOO 
1.60 
LOO 
L70 
L70 
1.70 
1.70 
L70 


L70 
L70 
L70 
L80 
1.80 
L80 
L80 
L80 
L80 
L80 
L70 
L70 
L70 
L70 
L70 
L70 
L80 
L80 
1.80 
LOO 
LOO 
1.90 
L90 
LOO 
LOO 
2.60 
2.60 
2.60 
2.60 
2.60 


2.60 
LOO 
LOO 
LOO 
LOO 


1.80 


LOO 


DAVI8.] 
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77 


Bear  River  at  Collin»ton,  Utah, 


Day. 

Jan. 

Feb. 

Mar.    Apr. 

May. 

3.00 
3..60 
3.75 
3.75 
3.85 
3.05 
4.0O 

June. 

July. 

Aug.< 

2.30 
2.30 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.10 
2.00 
2.00 
1.06 
1.00 
1.86 
1.80 
1.80 
1.76 
1.70 
1.70 
1.75 
1.80 
1.00 
1.00 
1.86 
1.80 
1.85 
1.85 
1.00 
1.00 
1.85 
1.80 

Sept. 

Oct. 

2.00 
1.05 
1.05 
1.05 
1.05 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
2.00 
2.00 
2.00 
2.00 

Nov. 

2.00 
2.00 
2.00 
2.00 
2.05 
2.05 
2.05 
2.05 
2.05 
2.10 
2.15 
2.20 
2.10 
2.00 
2.00 
2.00 
2.05 
2.10 
2.10 
2.10 
2.10 
2.15 
2.20 
2.25 
2.30 
2.30 
2.80 
2.30 

Dec. 

1 

1.00 
LOO 
1.00 
1.05 
1.00 
1.00 
1.00 
1.90 
1.00 
1.90 
1.90 
1.00 
1.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.20 
2.30 
2.30 
2.20 
2.10 
2.00 
2.00 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 

1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
L70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 

1.70     3.20 
1. 70  ,  3. 30 

5.60 
5.00 
5.00 
6.05 
6.15 
6.30 
6.30 

4.15 
3.05 
3.75 
3.55 
3.40 
3.20 
3.10 
3.00 
2.00 
2.80 
2.70 
3.70 
2.60 
2.55 
2.50 
2.50 
2.50 
2.60 
2.50 
2.40 
2.30 
2.20 
2.20 
2.10 
2.20 
2.25 
2.30 
2.25 
2.20 
2.20 
2.20 

1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.75 
1.75 
1.80 
1.80 
1.80 
1.80 
1.85 
1.00 
1.00 
1.85 
1.85 
1.85 
1.80 
1.80 
1.80 
1.85 
1.00 
1.00 
1.00 
1.05 
1.05 
1.05 
2.00 
2.00 

"iio" 

"2.26" 

"2.' 26" 

"2.' 00" 
....... .i 

'2.' 20" 

2 

3 

4 

5 

1.70 
J.  70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.00 
2.00 
2.10 
2.20 
2.30 
2.40 
2.70 
2.00 
3.00 

3.10 
3.00 
3.00 
3.10 
3.10 
8.20 
3.30 
3.30 
3.30 
3.40 
3.40 
3.50 
8.50 
3.50 
3.50 
3.60 
3.35 
3.25 
3.15 
3.10 
3.10 
3.20 
3.20 
3.10 
3.30 
3.40 
3.40 
8.50 

6 

7 

8 

4. 00     6. 20 
4. 10     A.  30 

9 

10 

11 

12 

13 

14 

15 

4.10 
4.00 
3.05 
3.80 
3.75 
3.60 
8.60 

6.40 
6.40 
6.40 
6.40 
6.65 

e.55 

6.30 

16 

17 

18 

3. 60     6. 00 
3.  50  1  5.  00 
3. 50     5.  80 

19 

20 

21 

22 

3.40 
3.40 
3.40 
3.40 
3.65 
3.00 
4.10 

5.70 
5.60 
6.60 
5.40 
5.35 
5.20 
5.10 

23 

24 

25 

26 

27 

4  45     4.  80 
4.65  1  4.80 

28 

20 

4.85 

4.60 

30 

4. 06  1  4. 40 
5.20    

2.30 

2.20 

31 

Logan  Siver  at  Logan  y  Utah. 


Day. 

June. 

July. 

Aug. 

3.10 
3.10 
8.10 
8.10 
8.05 
3.06 
3.05 
3.00 
2.05 
2.06 
2.05 
2.05 
2.05 
2.00 
2.00 
2.90 
2.00 
2.00 
2.00 
3.00 
3.00 
3.00 
2.05 
2.90 
2.00 
2.85 
2.85 
2.85 
2.85 
2  86 
2.86 

Sept. 

Oct. 

Nov. 

Dec. 

1      1 

4.80 

3.85 
3.80 
8.75 
8.70 
3.75 
3.75 
3.70 
3.65 
8.60 
3.65 
3.55 
3.50 
3.55 
3.50 
3.46 
3.46 
3.40 
3.40 
3.35 
8.30 
3.30 
3.25 
3.25 
3.25 
3.20 
3.20 
8.15 
3.15 
3.15 
3.15 
3.10 

2.80 
2.80 
2.80 
2.80 
2.80 
2.75 
2.75 
2.80 
2.75 
2.75 
2.75 
2.75 
2.75 
2.76 
2.75 
2.75 
2.75 
2.70 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.70 
2.70 
2.70 

2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2  65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.60 
2.60 
2.60 

2.65 
2.60 
2.60 
2.60 
2.60 
2.60 
2.55 
2.60 
2.70 
2.65 
2.60 
2.60 
2.60 
2.60 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.56 
2.55 
2.55 
2.40 
2.55 
2.55 

2.60 
2.65 
2.55 
2.55 
2.55 
2.55 
2.60 
2.55 

"2.  Is" 

"2.'45  ' 

,      2 

I      3 

4 

4.70 

5 

6 

'  4.06 

7 

8 

9 

4.70 
4.70 

10 

11 

12 

4.65 
4.60 
4.60 
4.60 
4.65 
4.65 
4.65 
4.55 
4.55 
4.45 
4.40 
4.30 
4.25 
4.15 
4.10 
4.05 
4.00 
3.00 
3.85 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
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[KO.  11. 


Ogden  Biver  at  Eden,  Utah. 


Mar. 

Apr. 

1.70 

8.11 

1.70 

1.08 

3.15 

1.85 

8.60 

1.65 

4.00 

1.66 

3.80 

1.65 

8.50 

1.67 

6.30 

5.20 

4.80 

4.50 

i.85 

4.35 

4.50 

4.40 

2.80 

4.50 

5.20 

4.' 50 

6.20 

7.50 

6.50 

6.70 

5.60 

5.40 

4.16 

6.10 

May.  I  June.  July.   Aug. 


Nov. 


1.62 
1.63 
1.63 
1.63 
1.68 
1.63 
1.63 
1.68 
2.46 
2.00 
1.83 
1.80 
1.78 
1.77 
1.70 
1.71 
1.73 
1.77 
1.76 
1.75 
1.75 


Dec. 


1.50 
1.50 


1.60 


1.60 


1.65 


1.60 


2.60 


Weher  Biver  at  Uinta,  Utah, 


Day. 

Jan. 

Feb. 
1.70 

Mar. 

Apr. 
3.10 

May. 
3.40 

June. 

July. 

Aag. 
1.86 

Sept 

Oct. 

Nov. 

Deo. 

1 

1.60 

1.70 

8.75 

2.00 

1.80 

1.40 

1.60 

2 

1.70 

1.70 

1.70 

2.35 

8.30 

8.60 

1.93 

1.90 

1.80 

1.40 

1.70 

3 

1.70 

1.70 

1.70 

2.35 

3.36 

7.80 

1.85 

1.90 

1.80 

1.40 

1.80 

4 

1.70 

1.70 

1.70 

2.45 

8.65 

7.80 

1.78 

1.80 

1.30 

1.40 

1.80 

5 

1.70 

1.70 

1,70 

2.55 

3.90 

7.05 

1.71 

1.70 

1.30 

1.40 

1.80 

1.70 

6 

1.70 

1.70  '  1.70 

2.66 

4.65 

6.70 

1.71 

1.60 

1.80 

1.40 

1.80 

7 

1.70 

1.70 

1.70 

2.85 

4.45 

5.75 

1.71 

1.60 

1.80 

1.40 

1.80 

8... 

1.70 

1.70 

1.70 

2.95 

4.40 

5.95 

1.71 

1.50 

1.80 

1.40 

1.90 

1.70 

9 

1.70 

1.70 

1.70 

3.00 

4.30 

6.25 

1.64 

1.40 

1.80 

L40 

2.00 

10 

1.70 

1.70 

1.70 

2.85 

2.95 

6.90 

1.57 

1.30 

1.30 

1.40 

2.00    

sX.mmmmmm  m^  ••«••• 

1.70 

1.70 

1.70 

2.65 

2.85 

5.60 

1.49 

1.20 

1.80 

1.40 

2.00 

12 

1.70 

1.70 

1.70- 

2.60 

3.56 

5.15 

1.49 

1.10 

1.30 

1.40 

2.00 

1.70 

13 

1.70 

1.70 

1.80 

4.10 

3.60 

4.75 

1.49 

1.10 

1.30 

1.40 

2.00    

14 

1.70 

1.70 

1.90 

4.40 

3.35 

4.65 

1.71 

1.00 

1,30 

1.40 

2.00     i.eo 

15 

1.70 

1.70 

1.90 

4.40 

2.95 

4.40 

1.64 

1.00 

1.30 

1.40 

1.90    

16 

1.70 

1.70 

2.00 

3.55 

3.00 

3.75 

1.49 

1.00 

1.30 

1.40 

1.80  i 

17 

1.70 

1.70 

2.15 

3.10 

2.80 

3.19 

1.49 

1.00 

1.30 

1.40 

1.70  ! 

18 

1.70 

1.70 

2.80 

2.55 

2.80 

3.10 

1.49 

1.00 

1.30 

1.60 

1. 70  '    1. 60    i 

19 

1.70 

1.70 

2.65 

2.66 

2.70 

3.10 

1.93 

1.00 

1.80 

1.60 

1.70    

20 

1.70 

1.70 

2.75 

2.70 

2.70 

3.01 

2.00 

1.00 

1.30 

1.60 

1.70 

21 

1.70 

1.70 

2.90 

2.80 

2.86 

2.84 

2.00 

1.00 

1.30 

1.60 

1.70 

22 

1.70 

1.70 

3.10 

2.85 

2.90 

2.66 

2.00 

1.00 

1.80 

1.60 

1.70 

23 

1.70 

1.70 

8.25 

2.60 

2.90 

2.57 

2.00 

a1.30 

1.30 

1.60 

1.70 

... .....1 

24 

1.70 

1.70 

2.95 

2.60 

4.85 

2.48 

2.00 

1.80 

1.30 

1.60 

1.70 

1.50    ' 

25 

1.70 

1.70 

2.90 

2.60 

6.70 

2.48 

1.93 

1..30 

1.30 

1.60 

1.80  1 

26 

1.70 

1.70 

2.75 

2.75 

6.50 

2.66 

1.93 

1.30 

1.30 

1.60 

1.80 

1    27 

1.70 

1.70 

2.65 

2.95 

6.95 

2.22 

1.93 

1.30 

1.80 

1.00 

1.70 

28 

1.70 

1.70 

2.55 

3.15 

7.95 

2.22 

1  86 

1.30 

1.40 

1.60 

1.70 

29 

1.70 

1.70 

2.45 

3.35 

8.10 

2.14 

1.86 

1.30 

1.40 

1.60 

1.70 

1.50 

30 

1.70 

2.45 

3.50 

8.20 

2.07 

1.86 

1.30 

1.40 

1.60 

1.70 

31 

1.70 

2.40 

8.80 

1.86 

1.30 

1.60 

a  New  gage  put  in  August  23. 
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PrciBO  River  at  Provo  Canyon,  Utah, 


Day. 

Jan.    Feb. 

1 

Mar. 

Apr. 

May. '  June. 

July. 

460 
4  40 
4.30 
4  30 
4.30 
4  30 

Aug 

Sept. 

Oct. 

430 
4.30 
4  80 
4.30 
4  30 
4  30 
4  80 
4  30 
4  30 
4  30 
4  30 
4  30 
4  30 
4  30 
4  80 
4  30 
4  30 
4  30 
430 
4  30 
4  30 
4  30 
4  30 
430 
430 
480 
4  30 
430 
4  30 
4  30 
480 

Not. 

Deo. 

1 

4.20 
410 
4.10 
410 
420 
4  20 
420 
4  20 
4  20 
4  20 
420 
4  20 
4  20 
4  20 
420 
420 
4  30 
4  80 
4  40 
4  40 
450 
450 
440 
430 
430 
4  30 
480 
4  30 
430 
480 
480 

4  30 
420 
420 
420 
4  20 
4  20 
4  20 
4  20 
420 
420 
4  20 
4  20 
4  30 
4.30 
4  80 
4  20 
4  20 
4  20 
4  20 
4  2U 
4  20 
420 
4  20 
4  20 
420 
4  20 
420 
4  20 
420 

420 
420 
420 
420 
490 
4  20 
420 
4  20 
410 
420 
420 
420 
420 
4  20 
480 
480 
480 
4  40 
440 
440 
450 
4  60 
1460 
4  60 
470 
4  70 
4  80 
490 
4  60 
4  60 
4  60 

4  50 
450 
4  50 
450 
450 
4  50 
4  50 
460 
4.40 
440 

4  80 

4.80 

7.30 

7.30 

440 
4  40 
4  40 
4.30 
4  30 
4.30 

420 
4  20 
4  20 
4.20 
4  20 
4  20 
4  20 
4  20 
4.20 
4  20 
4  20 
4  20 
4  20 
420 
4  20 
4  20 
420 
4  20 
4  20 
4  30 
4  30 
4  30 
4  80 
4  30 
4  30 
4  30 
4  30 
4  30 
4  80 
430 

m  m  m       •  • 

4  30 
480 
4  30 
430 
4  30 
4  30 
4  30 
4  60 
4.60 
4  60 
460 
4  60 
450 
4  50 
4  40 
4  40 
4  40 
4  40 
440 
4  40 
440 
4  50 
4  50 
4  50 
450 
450 
4.40 

2 

3 

4  80     7.80 
4. 90  '  7. 60 
6. 00     7. 80 
6. 20     6-  90 

4 

■440" 

5 

6 

7 

6.40 
6.40 
5.50 
a.  30 

6.90 
6.90 
6.80 
«.80 

4.30     4  20 
4  20     4. 20 
4. 20     4. 20 

1 

8 

0 

1 

10 

4  20 
4  20 
420 
4  20 
4  20 
4  30 
4  30 
4.80 
4  30 
4  20 
4  20 
4,80 
4  00 
4  80 
470 
450 
4  50 
4  50 
4  50 
450 
4  50 
450 

« 

4  20 
4.20 
4  20 
4  20 
4  20 
4  20 
420 
4  20 
4  20 
4  20 
4  20 
420 
4  20 
4  20 
4  20 
420 
4  20 
420 
420 
420 
420 
420 

11 

4.30     fi.30     A.  80 

1 

12 

18 

14 

5.30 
6.80 
5.90 
6.80 
6.30 
4  70 
470 
460 
4.60 
4.60 
460 
4  60 
460 
460 
4.70 
4  70 
470 
4  70 
4  80 

5.20 
5.20 
4.90 

6.50 
6.50 
fl.20 

4  40 

*4  40"' 

"4  46" 

15 

4  70     6. 00 
4. 70     5.  m 

16 

17 

4  70 
470 
470 
4  70 
470 
4  70 
4  70 
5.90 
5.60 
6.00 
6.20 
6.50 
7.00 
7.80 
8.50 

5.60 
5.00 
4  80 
460 
460 
400 
4  80 
4  80 
4  70 
4  60 
4  60 
460 
4  60 
4  60 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

440  , 

28 

ao 

1 

31 

1 

"  "l 

Portneuf  Rirer  at  McCammon,  Idaho, 


Day. 

Apr. 

May. 

June. 

July. 

Day. 

Apr. 

May. 

1.. 

8.60 
3.50 
3.50 
3.68 
3.63 
3.83 
3.92 
3.83 
3.92 
3.92 
8.92 

460 
4  60 
4  46 

4  42 
4  50 
4  42 
442 
4  25 
4  25 
4  25 
4  25 

8.26 

8.06 

8.08    1 

8.00 

8.00 

3.00 

2.92 

2.92 

2.88 

2.88 

2.88 

12.. 

8.83 

2 

18.. 

8.75 

8.. 

14.. 
16.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 

8.60 
8.67 
3.67 
3.67 
8.60 
8.60 
8.50 
8.50 
3.46 

8.76 

4.. 
6.. 
6.. 
7.. 

8.58 
8.58 
3.50 
8.50 

8.. 

8.50 

9.. 

3.54 

10.. 

3.54 

11  . 

8.50 

June. 

July. 
3.00 

Day. 

Apr. 

May. 

1 
June. 

July. 

417 

28.. 

8.46 

8.50 

3.58 

•••■•• 

4  06 

2.92 

24.. 

8.50 

8.83 

3.68 

4  06 

8.00 

26.. 

8.60 

400 

3.54 

4.00 

8.00 

26.. 

8.50 

4  08 

3.50 

4.00 

3.00 

27.. 

8.46 

417 

3.46    

404 

8.00 

28.. 

8.58 

4  25 

3.42    

400 

8.00 

20.. 

3.58 

4  25 

3.33    

4  00 

80.. 

8.50 

4  29 

3.25    

3.92 

31.. 

4  50 

3.83 

3.83 

Malad  River  at  TaponiBj  Idaho, 


1 

Day. 

June. 

July. 

Aug. 

Sept.     Day. 

1 

June. 

July. 

Aug. 

Sept. 

1. 

2.. 

4. 

1.80    '     12-- 

8.00 
8.60 

9.40 

7.20 

1 

14.. 
15.. 

5. 60     1. 80 

2.30 

1.60    i 

1.80 

6.. 
7.. 

9.60 

16.. 

8.80 

::::::':::::: 

1 

6.40 

2.20 

"\.ih" 

17.. 

6.25 

i 1 

8.. 

18.. 

2.00 

1.80 

9.. 
10.. 



7.80 

19.. 
21.. 

9.60 

6.20 

, 

8.80 

7.17 

11.. 

2.00 

1.70    . 

1 

22.. 

1.80 

1 

(              1 

Day. 

June. 

July. 

Ang. 

Sept. 

23.. 

8.60 

24.. 
25.. 

7.67    '.W.V. 

i.'so* " 

26.. 

7.60 
7.40 

•"••  ••!•••••- 

28.. 

».50 

29.. 

1.00 

30.. 

7.40 

31.. 

9.00 

BIVEB  HEIGHTS  FOB  1896. 
S»ak«  Eivw  at  Monlgomergi  Ferrg,  Idaho. 


V-T. 

Apr. 

M.r. 

Jill 

.. 

Jol,.    1    A»£- 
9,20  1      3,M 

IS!  J:i 
!li  ti 

ill  il 

«:S5;        jilO 

aiss      2:»o 

a:45        2.KI 
sill,      2.9) 

si  10,    iw 

*.»,  2:so 
*:o5    1,80 

Sept, 

2.76 
2,  TO 

2,  TO 
2,70 

2!  70 

2,  as 
2:70 

2170 
2,70 

2!  70 
2,70 

2:70 

2,70 
2.70 

l!70 

2.70 
2,80 
2.7ft 

IS 

2.70 
2.70 

2.70 

2.70 
2,70 
2.70 
2.70 
2.70 
2,70 
2.70 
2.70 
2.70 

2!  TO 
3-70 

2.70 
2.70 

^™ 

3,80 

'.to 

,30 
.20 

:oo 

1 

SM 

1 
1 

1 

1 

OS 

05 
7S 

M 

2S 

30 

80 
85 

|s 

2.80 

2.  as 

2.00 

iOO 

ios 

2.98 
1.K 

s!«t 

J? 

B.KI 

LUile  Cawuu  Crtek  at  LiHU  Camat  Store,  Idaho. 
J.         I        Jnne. 


iilm^ 


i  i 


D'  2.M  1. 

Oj  2.00  1. 


..2.*02.6O2.4O  1. 
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LitUe  Wood  Ewer  a<  TofHrnta,  Idaho. 


Day. 

Jnna. 

July. 

Aug. 

Sept. 

Day. 

June. 

July. 

Aug. 

Sepl 

Day. 

Jnne. 

July. 

Aug. 

Sept. 

1.- 

L50 

11.. 

1.20 

1.83 

22.. 

2.58 

2.. 
3-. 

8.90 

12.. 
14.. 
15.. 

6.40 
8.40 

I    23.. 
'    24.. 

8.40 

1 

4.40 

4.30 

1.20 

i'i?" 

5.87 

4.. 

L2D 

2.08 

95.. 

2.67 

5.. 

7.. 

7.10 

16.. 
17.. 

8.70 

26.. 
28.. 
29.. 

5.20 
5.80 

1 
......1 

8.90 

1.00 

i.'is  " 

4.50 

8.8.^ 

8.. 

18.. 

1.20 

2.88 

1 

2.75 

0.. 
10.. 

6.40 

J9.. 
21.. 

6.90 
8.70 

80.. 
81.. 

4.10 

1 
,....,1 

4.30 

5.00 

7.17 

...... 1. ...... 

Bruneau  River  at  Owyhee^  Idaho, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 
2.90 

June. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

Vlay. 

June. 

1.85 

1.75 

1.75  1  2.45 

6.40    i 

17 

1.85 

1.60 

1.76 

8.20 

2.80 

4.70 

L65 

1.75 

1.75     2.40 

2.90     6.70     . 

18 

1.70 

1.60 

1.75     3.00 

2.70 

4.60 

1.85 

1.75 

1.75     2.40 

2.95 

8.00    < 

,    19 

1.70 

1.65 

1.75     2.90 

2.65 

4.60 

1.65 

1.75 

1.75  ,  2.35 

2.90 

5.90 

20 

1.75 

1.65 

1.80 

2.85 

2.60 

4.30 

1.80 

1.75 

1.75     2.35 

2.90 

5.35    , 

21 

1.75 

1.70 

1.80 

2.75 

2.60 

4.20 

1.60 

1.75 

1. 80     2. 35 

3.30 

5.00 

22 

1.75 

1.70 

1.05 

2.75 

2.60 

4.00 

1.60 

1.76 

1.80 

2.40 

8.85 

4.95 

23 

1.75 

1.70 

2.40 

2.90 

2.60 

3.80 

1.65 

1.75 

1.80 

8.55 

3.20     4.80 

24 

1.75 

1.70 

2.45 

2.90 

2.90 

3.70 

1.65 

1.70 

L.80 

2.60 

3.15 

4.70    1 

25 

1.75 

1.70 

2.75 

2.90 

2.95 

3.60 

10 

1.85 

1.70 

1.80 

2.65 

3.00 

5.00 

26 

1.75 

1.70 

8.20 

2.90 

3.20 

3.45 

11 

1.65 

1.70 

1. 75  ,  2. 65 

3.00 

5.20 

27 

1.75 

1.70 

3.35 

3.00 

8.80 

3.35 

12 

1.85 

1.70 

1.75  1  2.55 

3.00  ^  4.90 

28 

1.75 

1.70 

3.55 

3.15 

4.00 

3.30 

13 

1.65 

1.70 

1.75  !  2.40 

3. 15  1  4. 65 

29 

1.75 

1.70 

3.35 

3.00 

4.50 

3.20 

14 

1.65 

1.70 

1.75  ■  2.80 

3.  00  !  4.  60 

30 

1.75 

3.00 

2.90 

5.30 

3.15 

15 

1.65 

1.70 

1.  75  ;  3. 85 

2. 95     4. 65 

.    31 

1.76 

2.85 

6.00 

18 

1.85 

1.70 

1.75 

3.60 

2.95 

4.60 

1 

Boise  River  at  Boise,  Idaho, 


Day. 

Jan. 

Feb, 

2.70 
2.40 
2.40 
2.00 
2.00 
1.80 
1.80 
2.00 
2.00 
2.10 
l.PO 
2.  CO 
2.00 
1.90 
2.00 
2.00 
1.90 
1.90 
2.00 
2.00 
2.00 
2.10 
2.10 
2.10 
2.20 
2.20 
2.80 
2.90 
3.00 

Mar. 

Apr. 

May. 

5.30 
5.00 
5.30 
6.00 

1 
June.  July. 

1 

Aug. 

Sept. 

Oct. 

1.70 
1.80 
1.60 
1.60 
1.70 
1.60 
1.80 
1.70 
1.60 
1.60 
1.70 
1.60 
1.60 
1.60 
1.70 
1.60 
1.60 
1.70 
1.70 
1.60 
1.60 
1.70 
1.70 
1.70 
1.60 
1.60 
1.80 
1.80 
1.80 
1.60 
1.90 
1 

Nov. 

Dec. 

1 

1.80 
2.00 
1.40 
1.40 
1.40 
1.40 
1.40 
1.80 
1.80 
1.80 
1.80 
2.00 
1.80 
1.40 
1.40 
1.20 
1.90 
2.30 
2.40 
2.50 
3.00 
8.00 
8.00 
2.40 
2.30 
2.60 
2.80 
2.90 
2.80 
2.80 
2.70 

2.60 
2.40 
2.40 
2.30 
2.40 
2.00 
2.00 
2.20 
2.40 
2.20 
2.30 
2.80 
2.40 
2.40 
2.40 
2.40 
2.30 
2.40 
2.40 
2.70 
3.50 
3.90 
4.00 
4.60 
4.60 
5.60 
6.10 
5.70 
5.50 
4.60 
4.50 

4.40 
8.90 
3.80 
3.80 
3.90 
3.90 
4.60 
4.80 
4.40 
5.00 
4.50 
4.50 
5.70 
6.70 
5.80 
5.50 
5.40 
5.00 
4.80 
4.50 
4.40 
6.00 
5.10 
5.10 
5.40 
5.80 
5.30 
6.20 
6.30 
5.10 

9. 00    A.  ao 

3.30 
8.00 
3.30 
2.90 
2.80 
2.80 
2.70 
2.70 
2.70 
2.60 

2.20 
2.20 
2.00 
1.90 
1.80 
1.80 
1.80 
1.70 
l.^O 
1.70 

1.90 
2.00 
1.90 
1.90 
1.70 
1.70 
1.50 
1.90 
2.60 
2.30 
2.00 
1.90 
1.00 
1.90 
2.00 
1.90 
1.90 
2.00 
2.60 
2.80 
2.40 
2.70 
2.70 
2.90 
2.60 
2.40 
2.00 
1.60 
1.40 
1.40 
....... 

1.20 
1.10 
1.10 
1.40 
2.00 
2.40 
2.40 
2.60 
2.60 
2.40 
2.00 
2.60 
2.70 
2.80 
2.50 
2.50 
2.40 
2.40 
2.20 
2.20 
2.00 
2.00 
1.90 
1.90 
1.80 
1.80 
2.00 
2.00 
2.10 
2.10 
2.10 

2 

3 

9.00 
9.60 
0  »n 

6.80 
7.00 
7.00 
8.80 
0.70 
fl.  ft) 

4 

5 

6.  00     9. 00 
3.  60     8. 70 
5.  70     8. 70 

6 

7 

8 

9 

10 

5.  80     8. 80  ,  6.  50 
5.00     8.60  <  6. 30. 
5.40  '  8.80  1  8.20 

11 

5.50  '  8.50     fl.  10  ■  9.  00  1  1  HI) 

12 

5. 40  :  8.  50 
5.20  1  9.30 
5.00  ,10.00 
5.  00  '  0.  00 
5. 00     0. 60 
4.90     9.60 
4. 80     a.  50 

6. 10  1  2.  40 
5.00  1  2.30 
5.  80     2. 20 
5.  60     2.  20 
5. 40  !  2.  20 
5.  00     2.  20 
4.80     2.00 
4. 60     2.  00 
4.00  .1.00 

1.80 
1.70 
1.80 
1.80 
1.80 
1.70 
1.70 
1.60 
1.70 
1.70 
1.60 
1.70 
1.90 
2.00 

'i.'oo' 

1.90 
1.80 
1.70 

13 

14 

15 

18 

17 

18 

19 

4.70 
4.70 

9.40 
0.00 

20 

21 

22 

4.  60     0.  00 

5.  00     8. 50 
5.  80     A.  00 

3.60 

:<.oo 

3.60 
4.00 
4.00 
3.40 
3.20 
3.00 
3.40 
3.40 
8.30 

1.90 
1.80 
J.  90 
1.90 
1.80 
1.90 
1.80 
1.90 
1.90 
2.00 
2.20 

23 

24 

25 

26 

27 

28 

29 

30 

31 

6.70 
7.00 

7.  .40 
7.40 

8.  do 
8  10 
8.60 
9.50 

7.50 
7.30 
7.30 
9.00 
6.80 
6.40 
8.40 

IBB  II- 


^ 
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BIVEB   HEIGHTS   FOR   1896. 


[no.  11. 


Boise  Biver  at  Caldwell,  Idahif, 


D»y. 

Mar. 

Apr. 

May. 

Jane. 

Jnly. 

Aag. 

Sept. 

1 

6.75 
5.60 
5.55 
5.50 
5.60 
5.80 
5.90 
6.00 
6.00 
5.90 
5.80 
5.90 
6.30 
8.00 
7.40 
6.90 
6.60 
6.50 
6.20 
6.20 
6.15 
6.10 
6.15 
0.30 
6.60 
6.80 
6.70 
6.60 
6.50 
6.55 
........ 

6.40 
6.50 
6.40 
7.00 
7.60 
7.40 
7.10 
7.00 
7.00 
6.90 
7.00 
6.80 
6.60 
6.50 
6.40 
6.30 
6.40 
6.20 
6.10 
6.00 
6.00 
6.10 
6.80 
7.60 
8.00 
8.50 
8.60 
8.90 
9.10 
10.00 
11.00 

11.00 

11.00 

11.30 

11.00 

10.00 

9.90 

9.50 

9.20 

9.90 

10.20 

9.80 

9.60 

9.80 

10.00 

9.90 

10.00 

10.00 

10.80 

10.00 

9.80 

9.40 

9.00 

8.60 

8.40 

8.30 

8.10 

8.00 

8.20 

8.10 

8.00 

8.20 
7.80 
7.70 
7.60 
7.40 
7.40 
7.30 
7.20 
7.00 
6.95 
6.80 
6.70 
6.75 
6.60 
6.50 
6.30 
6.10 
5.90 
5.70 
5.40 
5.30 
5.20 
5.10 
5.00 
4.90 
4.80 
4.70 
4.70 
4.60 
4.50 
4.50 

4.40 
4.40 
4.30 
4.25 
4.20 
4.20 
4.15 
4.10 
4.10 
4.00 
3.90 
3.90 
8.85 
3.80 
3.70 
3.70 
3.65 
3.60 
3.60 
3.55 
8.50 
3.50 
3.50 
3.45 
3.40 
3.35 
8.30 
3.25 
8.20 
3.20 
3.30 

1 
8.65 

2 ; 

3.60     1 

3 

3.60 

4 

4.40 
4.40 
4.80 
4.30 
4.30 
4.30 
4.35 
4.40 
4.40 
4.40 
4.50 
4.45 
4.45 
4.50 
4.55 
4.60 
4.85 
5.40 
5.70 
5.75 
6.00 
7.10 
7.10 
7.70 
7.80 
6.70 
6.35 
5.90 

3.56 

5 

3.50 

0 

3.50     1 

7 ^ 

3.45     ! 

8. ..::>. :: 

8.45 

9 

3.45     1 

10 

8.45     , 

11 

3.45  ; 

12 

3.45 

IS f. 

3.50     1 

u 

3.50 

15 

3.45     - 

16 •. 

3.40 

3.40     1 

18 

3.40 

3.45 

20 

3.40 

3.45 

22 

3.45     < 

3.50 

24 

3.65 

8.70 

26 

3.65 

3.60    1 

28 

3.60 

3.55 

SO 

3.50 

31 

i 

Owyhee  Birer  at  Xyeea,  Oregon. 


Day. 

Jan. 

Feb. 

Apr.      May. 

1 

Jane. 

July. 

Aag. 

1.05 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

.95 

.96 

.95 

.95 

.95 

.95 

.95 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

1.00 

1.00 

1.10 

1.10 

1.20 

1.20 

1.30 

1.40 

1.40 

Sept. 

Oct. 

t 

Not. 

1 

1 

1.30 
1.30 
1.30 
1.30 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.55 
1.75 
2.50 
5.65 
3.80 
3.35 
8.05 
2.75 
2.55 
2.45 
2.40 
2.35 
2.05 
1.85 
1.80 
1.75 
1.70 
1.60 

1.60 
1.50 
1.50 
1.40 

a  IK 

5.75 
5.45 
5.00 
4.70 
4.55 
4.45 
4.35 
4.30 
4.25 
4.15 
4.15 
4.05 
3.05 
3.55 
3.45 
8.35 
3.30 
8.25 
8.15 
3.05 
2.95 
2.90 
2.85 
2.80 
2.75 
2.70 
2.65 
2.45 
2.40 
2.35 

2.25 
2.15 
2.05 
1.95 
1.90 
1.85 
1.80 
1.75 
1.70 
1.65 
1.60 
1.50 
1.45 
1.40 
1.40 
1.35 
1.30 
1.25 
1.20 
1.2v) 
1.20 
1.10 
1.10 
1.10 
1.00 
1.20 
1.20 
1.15 
1.10 
1.10 
1.10 

1.30 

1.80 

1.30 

1.20 

1.20 

1.10 

1.10 

1.00 

1.00 

.90 

.90 

.90 

.95 

.95 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

.95 

.95 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.10 
1.10 

I 

2 

...'.'.'...      a  «n 

t 

8 

3.85 
4.05 
4.35 
4.45 
4.65 
4.80 
4.90 
4.80 
4.80 
4.70 
4.65 
4.60 
4.55 
4.50 
4.40 
4.40 
4.55 
4.60 
4.65 
4.75 
4.85 
5.05 
5.25 
5.45 
5.65 
5.85 
5.95 
6.05 
6.00 

1.10   

4 

6 

1.40    

6 

1.50 
1.50 
1.50 
1.40 
1.40 
1.40 

7 

i 

8 

9 

10 

11 

12 

1.40  1 

'  1.35  1 

1. 80       

18 

14 

15 

1.30 
1.30 
1.30 
1.30 
1.30 
1.40 
1.40 
1.40 

16 

17 

!     1.20 

........ 

18 

1.20 
1.20 

19 

20 

1.20 

21 

1.20 

22 

1.20 

23 

24 

1.50    

1.50    

1.55    

1. 60         3. 40 
1.60         3.45 
1. 60         3. 55 

1.20 

25 

1 

26 

27 

28 

29 

1.60 

3.65 
3.70 

1 

80 

.■:::"::i::;::::' 

31 
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Malheur  Biver  at  Vale,  Oregon, 


Dny. 

Jan.  a 

1 

1.70 

i       2 . 

-  

1.75 

3 

1.80 

4 

1.90 

5 

1.90 

6 

1.90 

7 

1.85 

8 

1.90 

9 

1.85 

10 

1.85 

11 

1.70 

12 

1.70 

13 

1.70 

14 

1.70 

15 

1.70 

16 

1.75 

17 

5.00 

18 

19 

!    21 

22 

23 

24 

;     25 

.3.20 

:  S:::::::::::::::::::::::::: 

3.10 

27 

2.90 

28 

2.75 

29 

2.60 

2.55 

31 

2.65 

Feb. 


2.55 
2.65 
2.70 
2.60 
2.60 
2.50 
2.50 
2.40 
2.35 
2.25 
2.20 
2.10 
2.00 
2.00 
2.0O 
2.00 
2.00 
2.05 
2.10 
2.10 
2.00 
1.95 
2.05 
2.20 
2.30 
2.15 
2.20 
2.30 
2.95 


Apr. 


May. 


June. 


2.90 
3.00 
3.00 
3.00 
3.00 


3.00 

3.00 

3.05 

8.10 

3.85 

4.90 

4.65 

4.05 

.3.85 

3.80 

3.70 

3.70 

3.75 

3.65 

3.45 

3.30 

3.30 

3.30 

3.30  I 

3.20 

.3.15 

3.10 

3.10 

3.25 

3.55 

3.75 

3.00 

4.00 

4.10 

4.20 

4.20 


4.30 
4.35 
4.50 
4.50 
4.45 
4.30 
4.25 
4.25 
4.10 
4.05 
3.90 
3.75 
3.70 
3.60 
3.50 
3.50 
3.50 
3.40 
3.35 
3.40 
3.35 
3.30 


July. 


3.25 

3.15 

3.05 

3.40 

3.35 

2.75 

2.65 

2.55 

^. ...... 

2.45 
2.35 
2.30 
2.25 
2.15 
2.10 
2.10 
2.05 
1.05 
1.90 
1.85 
1.80 
1.85 
1.90 
1.95 
1.90 
1.90 
1.65 
1.60 
1.50 
1.50 
1.45 
1.40 
1.40 
1.30 
1.30 
1.25 
1.20 
1.15 
1.10 
1.00 


Ang. 


Sept. 


1.00 
.95 
.90 
.90 
.90 
.85 
.75  I 
.70 
.70 
.71  , 
.72 
.72 
.71 
.71 
.71 
.70  ' 
.70  I 
.70  I 
.70 
.70 
.70 
.70 
.70 
.70 
.69 
.68 
.68 
.70 
.70 
.70 

2.20 


1.60 
1.45 
1.20 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.15 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.25 
1.25 
1.25 
1.25 


a  January  16  to  25  gage  broken ;  no  readings. 
Payette  Biver  at  Payette,  Idaho, 


Day. 


May. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


4.20 
4.30 
4.00 
3.70 
3.70 


June. 
8.20 

July. 

7.50 

8.30 

7.40 

9.10 

7.20 

9.30 

6.80 

9.10 

6.80 

9.20 

6.50 

8.60 

6.40 

8.40 

6.20 

8.70 

6.00 

S.90 

5.70 

8.50 

5.70 

8.40 

5.50 

8.30 

6.20 

8.70 

5.90 

8.80 

5.50 

8.80 

5.30 

Aug.    Sept. 


2.20 
2.20 
2.10 
2.10 
2.10 
2.00 
2.00 
1.90 
1.00 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 


1.90 
1.80 
1.70 
1.40 
1.30 
1.30 
1.20 
1.20 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


3.70 
3.60 
3.60 
3.30 
3.40 
4.20 
5.40 
5.40 
5.60 
5.90 
6.10 
6.50 
6.90 
7.20 
7.70 


I 

June. 

July. 

Aug. 

8.90 

4.90 

1.60 

9.20 

4.30 

1.60 

9.20 

3.90 

1.50 

9.10 

3.70 

1.50 

9.00 

3.50 

1.40 

8.80 

3.30 

1.40 

7.60 

8.10 

1.40 

7.90 

2.00 

1.30 

7.50 

2.80 

1.30 

7.40 

2.70 

1.20 

7.40 

2.60 

1.20 

7.20 

2.50 

1.10 

7.40 

2.50 

1.10 

7.50 

2.40 

1.20 

2.30 

1.30 

Sept. 


1.10 

1.10 

1.00 

1.00 

1.00 

1.00 

1.10 

1.10 

1.10 

1.10 

1.00 

.90 

.90 

.90 


TaJcima  River  at  Kiona,  Washington, 


Day. 

JlftU. 

5.30 
5.85 
5.20 
5.10 
5.35 
5.40 
5.55 
5.90 
6.70 
8.20 
8.80 
8.80 
8.00 
7.60 
7.15 

Ang. 

~"  - 

'8.'io" 

6.15 
6.10 
6.05 
6.00 
5.90 
5.80 
5.70 
5.60 
5.60 
5.50 
5.35 
6.80 
5.20 
5.15 

Sept. 

Oct. 

Nov. 

4.24 
4.35 
4.40 
4.46 
4.47 
4.51 
4.62 
4.52 
4.56 
5.80 
5.80 
5.72 
5.60 
5.60 
8.68 
11.91 

Deo. 

Day. 

Jan. 

Aug. 

5.10 
5.05 
5.00 
4.95 
4.90 
4.85 
4.80 
4.75 
4.75 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 

Sept. 

Oct. 

Nov. 

Dec. 

1.-.. 
2.... 
3.... 
4.... 
5.... 
6.... 
7.... 
8-... 
0.... 
10.... 

11.... 

12 

4.73 
4.73 
4.70 
4.70 
4.70 
4.68 
4.65 
4.65 
4.63 
4.55 
4.55 
4.50 
4.50 
4.48 
4.50 
4.50 

'4.08 
4.05 
4.05 
4.10 
4.10 
4.05 
4.08 
4.10 
4.08 
4.05 
4.08 
4.04 
4.00 
4.00 
4.01 
3.95 

5.95 
6.10 
6.50 
7.10 
8.90 
9.80 
11.45 
11.55 

"li'.ib" 

10.80 
10.60 
10.65 
10.70 
10.07 
9.50 

17 

4.48 
4.50 
4.55 
4.45 
4.35 
4.30 
4.30 
4.25 
4.20 
4.20 
4.20 
4.18 
4.15 
4.13 

4.00 
3.06 
3.94 
3.93 
8.92 
3.80 
3.87 
3.87 
3.94 
3.91 
3.93 
3.88 
3.94 
a 
3.94 

15.18 

16.07 

13.35 

10.91 

9.50 

0.20 

8.30 

7.93 

7.62 

7.23 

6.65 

5.93 

5.95 

5.95 

9.20 
8.70 
8.52 
8.43 
8.31 
8.30 
8.21 
8.03 
7.90 
7.70 
7.55 
7.45 
7.35 
7.15 
7.05 

18 

19 

20 

21 

22 

23.... 
24.... 
25.... 
26 

6.35 
6.15 
6.05 

27.... 
28.... 

13 

29.... 

14.... 
15 

30 

81 

16 

1 

1 
1 

a  No  obBervation. 
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RIVER   HEIGHTS   FOR   18d6. 


[NO.  11. 


W^99r  River  at  WeUeff  Idaho. 


Jan. 


2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.40 
2.40 
2.40 
2.80 
2.30 
2.80 
2.30 
2.80 
2.30 
2.50 
5.10 
5.50 
6.50 
7.60 
6.30 
7.40 
5.80 
4.50 
3.80 
3.80 
4.00 
4.40 
6.40 
5.70 
4.50 


Feb.       Har. 


4.00 
8.70 
8.00 
8.20 
3.10 
3.00 
2.M 
2.80 
2.70 
2.60 
2.60 
2.50 
2.50 
2.50 
2.50 
2.60 
2.60 
2.70 
2.70 
2.70 
2.70 
2.80 
2.90 
2.90 
3.00 
3.20 
4.00 
4.45 
4.10 


8.80 
3.50 
3.20 
3.00 
3.00 
2.90 
2.90 
3.00 
3.30 
3.70 
4.00 
3.80 
3.80 
3.70 
3.50 
3.40 

3.:to 

3.30 
3.40 
3.80 
4.60 
4.70 
4.70 
5.20 
6.00 
6.00 
6.50 
6.20 
5.60 
5.00 
4.60 


Apr. 


4.90 
4.00 
8.80 
8.70 
8.70 
8.80 
4.10 
4.50 
4.70 
4.50 
4.30 
4  10 
4.60 
4.50 
5.20 
4.60 
4.50 
4.10 
4.00 
3.90 
3.80 
3.70 
3.80 
8.90 
4.10 
4.40 
4.70 
4.90 
4.50 
4.20 


May. 


4.10 
5.20 
6.10 
8.30 
9.20 
9.10 
8.50 
7.40 
6.70 
5.90 
6.00 
6.40 
5.50 
5.00 
4.70 
4.60 
4.70 
6.20 
4.70 
4.60 
4.60 
4.70 
5.10 
5.60 
6.10 
6.10 
6.10 
6.20 
6.20 
6.60 
6.90 


June. 


7.10 
7.10 
7.10 
7.40 
7.00 
7.90 
8.90 
7.60 
6.70 
6.70 
6.60 
6.60 
6.50 
6.40 
6.40 
6.40 
6.40 
6.50 
6.60 
6.40 
6.20 
5.90 
6.60 
a.  60 
5.40 
5.20 
4.90 
5.^ 
5.30 
5.20 


July. 


4.90 
4.70 
4.60 
4.40 
4.20 
4.00 
3.80 
8.60 
3.50 
3.40 
8.30 
3.20 
3.10 
3.00 
2.90 
2.80 
2.70 
2.60 
2.50 
2.40 
2.40 
2.30 
2.30 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.00 


Aug. 


Sept. 


2.00 

2.00 

2.00 

2.00 

2.00 

2.00  , 

2.00  • 

2.00  I 

2.00  I 

1.00  ' 

1.90 

1.90 

1.90 

1.90 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1  90 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 


1.80 
1.80 
1.80 
1.90 
LOO 
1.90 
LOO 
LOO 
1.90 
LOO 
LOO 
LOO 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
LOO 
LOO 
LOO 
LOO 
L80 
L80 
L80 
L80 
L80 
L80 
L80 


Oct. 


L80 
L80 
L70 
L70 
L70 
L70 
L70 
L70 
L70 
1.70 
L70 
1.70 
L70 
L70 
L70 
1.70 
L70 


Natchea  Ricer  at  Xorth  Yakima j  Washington. 


Feb.    :  July.      Aug.   i  Sept. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 

30 

31 


1.70 
LOO 
1.60 
L60 


2.00 
2.90 
3.20 
3.90 
4.10 
3.80 


3.10 
2.00 
2.80 
2.80 
2.70 
2.70 


2.60 
2.40 
2.30 
2.20 
2.20 
2.10 


2.20 
2.20 
2.20 
LOO 
LOO 


LOO 

1 

i. ....... 

3.25 

1 

3.10 
3.00 

LOO 

LOO 

2.90 

1.90 

3.00 

2.00 ; 

2.85 

1      2.00 



2.80 

1.00 

2.70 



2.65 
2.45 

LOO 

LOO 

2.35 

1.90 

•••••••• 

2.20 

LOO 

2.10 

,      2.00 

2.05 

1.90 

2.00 

' 

LOO 
L80 

2.10 

2.10 

L80 

2.70 

L70 

2.80 

L70 

1      2.90 

LOO 

1      3.20 

L60 

1 

L50 
L50 

8.20 

1      3.90 

1.50 

5.60 

1      1.50 

6.20 

L50 

5.80 

3.35 

L50 

;      5.80 

3.25 

L50 

!••  ■••••» 

3.10 

1.50 

1 

3.15 

L50 

1.50 
1.40 
L40 
L40 
L40 
L30 
L30 
L30 
L30 
L25 
L20 
L30 
L30 
L35 
L50 
L40 
L30 
L80 
L20 
L20 
L20 
L25 
L30 
1..20 
LIO 
.90 
.90 
.90 
.90 
LIO 


Oct. 


Nov.        Dec. 


LIO 
L20 
L20 
L20 
LIO 
.90 
.89 

.87 
.86 
.85 
.84 
.83 
.82 
.61 
.80 
.79 
.72 
.74 
.76 
.76 
.60 
.60 
.60 
.50 
.60 
.60 
.75 
.95 
L15 
L40 


L50 
L40 
L80 
L20 
LIO 
LOO 
L20 
2.20 
2.50 
2.40 
2.30 
2.15 
2.00 
4.25 
8.00 
7.75 
6.25 
6.25 
4.70 
4.30 
4.00 
3.80 
3.70 
3.60 
3.50 
3.36 
3.15 
3.00 
3.20 
8.40 


3.60 
3.80 
4.00 
4.60 
5.00 
4.90 
4.70 
4.60 
4.80 
4.10 
4.00 
3.96 
3.70 
3.60 
3.50 
3.50 
3.40 
3.40 
8.30 
8.30 
8.30 
3.20 
8.20 
8.20 
3.10 
3.10 
3.10 
3.00 
8.00 
3.00 
8.00 


SATIS.] 


GAGE   HEIGHTS   IN   COLUMBIA   BASIN. 
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Yakima  Biver  at  Takima,  Washington. 


D«y. 

Jan. 

reb. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

1 

4.75 
4.70 
4.70 
4.70 

4.70 

'"4.'70* 
4.70 
4.80 
4.90 
4.90 
4.85 

'"4.80* 
4.80 
4.80 
4.90 
5.00 
5.00 

""5.26' 
5.30 
5.35 
5.40 
6.40 
5.40 

"5.'60' 
6.20 
6.70 
7.80 
7.70 
7.40 

5.80 
5.80 
5.70 
5.70 
5.60 
5.60 
5.50 
5.50 
5.50 
5.40 
5.40 
5.30 
5.30 
5.20 
5.20 
5.10 
5.10 
5.10 
5.00 
5.00 
5.00 
4.90 
4.90 
4.90 
4.90 
4.80 
4.80 
4.80 

4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.65 
4.60 
4.60 
4.60 
4.50 
4.50 
4.50 
4.50 
4.50 

4.50 
4.60 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.50 

4.50 
4.50 
4.50 
4.60 
4.90 
5.00 
5.30 
5.60 
5.80 
5.90 
5.70 
5.70 
5.80 
5.80 
13.00 
15.00 
14.00 
12.00 
9.00 
8.00 
7.00 
6.80 
6.60 
6.40 
6.20 
6.10 
6.00 
6.00 
6.00 
6.00 

6.60 
7.60 
8.20 
7.70 
6.60 
6.70 
6.80 
6.90 
8.00 
8.20 
8.60 
8.40 
8.20 
8.00 
7.60 
7.40 
7.10 
6.80 
6.20 
6.10 
6.10 
6.00 
6.00 
5.90 
6.90 
5.80 
5.80 
5.70 
5.70 
5.60 
5.60 

2 

3 

4 

6 

0 

4.80 
5.10 
5.50 
6.50 
7.20 
6.80 

7 

8 

9 

10 

11 

12 

13 

■"6.40 
>      6.10 
5.90 
5.70 
5.60 
5.50 

14 

15 

16 

17 

18 

19 

5.40 
5.80 
5.20 
5.10 
5.10 
5.05 

21 

23 

25 

27 

5.00 
4.90 
4.85 
4.80 
4.75 

29 

31 

1 

Spokane  Biver  at  dam  of  the  Washington  Water  Potter  Company,  Spokane,  Washington, 

for  1891. 


Day. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec, 

1 

2.06 
2.08 
2.17 
2.17 
2.17 
2.17 
2.17 
2.50 
2.75 
2.92 
2.92 
2.92 
3.17 
3.33 
3.50 
8.75 
3.92 
4.08 
4.50 
4.92 
4.50 
4.58 
4.67 
4.83 
4.83 
4.83 
4.83 
4.83 
4.83 
5.00 

5.00 
5.00 
4.92 
4.67 
4.50 
4.50 
4.67 
4.88 
5.00 
5.00 
5.25 
5.00 
5.00 
5.00 
5.00 
5.17 
5.17 
5.25 
5.25 
5.17 
5.08 
5.00 
4.83 
4.83 
4.50 
4.42 
4.25 
4.00 
.     4.00 
4.00 
8.83 

8.88 
8.67 
3.50 
3.33 
3.17 
3.17 
3.00 
3.00 
2.92 
2.83 
2.75 
2.67 
2.50 
2.50 
2.50 
2.42 
2.33 
2.25 
2.17 
2.08 
2.00 
2.00 
1.92 
1.92 
1.83 
1.75 
1.67 
1.67 
1.67 
1.67 

1.50 

1.58 

1.58 

1.50 

1.50 

1.60 

1.33 

1.33 

1.25 

1.25 

1.25 

1.25 

1.17 

1.17 

1.17 

1.17 

1.08 

1.00 

1.00 

1.00 

.92 

.83 

.83 

.75 

.67 

.67 

.67 

.60 

.42 

.42 

.33 

0.33 

.25 

.25 

.25 

.17 

.17 

.17 

.08 

.08 

.08 

.08 

.00 

.00 

1.33 

1.38 

1.88 

1.33 

1.83 

1.33 

1.25 

1.25 

1.25 

1.25 

1.17 

1.17 

1.17 

1.17 

1.08 

1.08 

1.08 

1.08 

1.00 
1.00 
1.00 
1.00 
.92 
.92 
.92 
.92 
.83 
.83 
.83 
.83 
.83 
.75 
.75 
.75 
.75 
.75 
.67 
.67 
.67 
.58 
.58 
.58 
.58 
.50 
.50 
.50 
.50 
.50 

0.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

1.08 

2.-67 

2.67 

2.67 

2.67 

2.67 

2.67 

2.67 

2.67 

2.67 

2.67 

2.67 

2.75 

2.75 
2.83 
3.00 
8.17 
3.33 
8.33 
3.42 
8.42 
3.50 
3.50 
3.50 
3.50 
3.58 
3.58 
3.67 
3.67 
3.67 
3.75 
3.75 
3.75 
3.83 
8.83 
3.83 
3.83 
3.88 
8.88 
8.83 
3.83 
8.83 
8.83 

3.83 
4.00 
4.00 
3.75 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.88 
3.75 
3.75 
3.75 
3.75 
3.75 
3.75 
3.83 
3.88 
3.83 
8.83 
3.83 
8.83 
3.83 
8.83 
3.83 
3.83 
8.83 
3.83 
3.83 
3.83 

2 

3 

4 

5 

6 

7 

s 

9 

10 

11 

12 

13 

14 

15 

16 

17 

........ 

18 

19 

20 

■     21 

22 

0.58 
.92 
1.25 
1.42 
1.58 
1.75 
1.92 
2.00 
2.08 
2.08 

23 

24 

25 

26 

27 

28 

29 

30 

31 

March  22,  waste  gates  almost  entirely  closed.  April  21,  waste  gates  opened,  which  lowered  the 
water  about  1  foot.  August  14,  waste  gates  partly  closed,  one  open  about  2  feet  6  inches,  the  other.  8 
feet  6  inches.  October  19,  waste  gates  further  closed,  one  open  about  8  inches,  the  other  1  foot.  Octo- 
ber 20,  flashboards  put  on  dam  about  three-fourths  of  the  way  across.  December  4,  about  one>thiid 
4>t  the  llashbottrds  were  carried  out. 
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RIVER  HEIGHTS   FOR   1896. 


[NO.  11. 


Spokane  Biver  at  dam  of  the  Washington  Water  Power  Company^  Spokane,  Waehington, 

for  189S. 


Day. 

Jan. 

Feb. 



3.38 
3.17 
3.17 
3.17 
3.17 
3.17 
3.17 
3,17 
3.17 
3.17 
3.17 
3.26 
3.25 
3.25 
3.25 
3,25 
3.25 
3.25 
3.25 
3.25 
3.26 
3.25 
8.33 
3.50 
3.75 
3.92 
4.00 
3.75 
3.00 

Mar. 

Apr. 

May. 

Jane. 

July. 
4..^ 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

3.83 
3.67 
3.67 
3.67 
3.67 
3.67 
3.67 
3.67 
3.67 
3.67 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.60 
3.60 
3.50 
3.60 
3.60 
3.33 
3.33 
3.83 
3.33 
3.33 
3.33 
3.33 
3.33 

3.08 
3.17 
3.26 
3.33 
3.42 
3.50 
3.5C 
3.60 
3.58 
3.67 
3.83 
4.00 
4.33 
4.67 
4.92 
5.17 
5.33 
5.50 
5.67 
5.75 
5.75 
5.75 
6.67 
4.75 
4,83 
4.83 
4.83 
4.83 
4.83 
4.83 
4.75 

» 

4.68 
4,42 
4.33 
4.08 
3.92 
3.83 
3.75 
3.75 
3.75 
3.75 
3.75 
3.75 
3.75 
3.83 
3.92 
4.00 
4.08 
4.17 
4.25 
4.25 
4.25 
4.25 
4.25 
4.26 
4.25 
4.33 
4.33 
4.33 
4.33 
4.42 

4.42 
4.42 
4.42 
4.42 
4.50 
4.58 
4.67 
4.75 
4.83 
4.92 
5.08 
6.33 
5.58 
5.75 
5.92 
6.00 
6.08 
6.17 
6.25 
6.33 
6.42 
6.58 
6.83 
7.00 
7.33 
7.67 
7.75 
7.92 
8.00 
8.0U 
8.00 

8.00 

1.58 
2.33 
2.33 
2.17 
2.08 
2.00 
1.92 
1.83 
1.75 
1.67 
1.67 
1.58 
1.58 
1.50 
1.50 
1.60 
1.42 
1.42 
1.42 
1.33 
1.33 
1.33 
1.25 
1.25 
1.17 
1.17 
1.08 
1.08 
1.00 
1.00 
1.00 

0.92 

.02 

.92 

.83 

.83 

.75 

.75 

.75 

.67 

.67 

.67 

.58 

.50 

.42 

.33 

.26 

.00 

.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

8.00 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3,00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 

3.00 
3.00 
8.00 
8. 00 
3. 00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
8.00 
3.00 
3.08 
3.17 
8.17 
3.25 
8.25 
3.33 
3.83 
3.42 
3.60 
3.66 
3.67 
3.76 
3.83 
3.92 
3.02 

4.00 
4.00 
4.08 
4.08 
4.17 
4.17 
4.25 
4.25 
4.25 
4.25 
4.25 
4.25 
4.26 
4.25 
4.17 
4.17 
4.17 
4.08 
4.  OX 
4.0;) 
3.92 
3.92 
3.83 
3.83 
3.83 
3.92 
3.92 
3.92 
4.00 
4.00 
4.08 

2 

8.00  '  4.2.S 

3 

8.00 

4.17 

4 

7.92 
7.83 

4.08 
4.00 

6 

6 

7.67 

3.92 

7 

7.58 

3.83 

8 

7.42 
7.25 

3.75 
3.67 

9 

10 

7.00 
6.75 
6.67 
6.68 
6.60 
6.33 
6.25 
6.08 
6.00 

3.58 
3.50 
3.33 
3.25 
3.17 
3.08 
3.00 
2.92 
2.83 

11 

12 

13 

14 

15 

16 

17 

18 , 

19 

20 

5.83     2.75 
5. 67     2.  87 

21 

5.50 

2.58 

22 

5.33 

•2.50 

23 

5.25  i  2.33 
5. 08     2. 17 
5. 00     2.  00 

4.83    i.ai 

4. 75      1.  75 

2i 

26 

26 

27 

28 

4.67 
4.58 
4.50 

1.67 
1.58 
1.58 

29 

30 

31 

1.58 

February  28,  part  of  the  flaahboarda  taken  out.    February  29,  balance  taken  out.    March  24,  waste 
atea  opened  full.    Angnat  2,  one  waate  gate  partly  cloaed,  leaving  opening  3  feet  6  inchea:  open- 
jiga  partly  cloaed  vitli  drift  loge.    September  17,  loga  removed  from  waate  gatea.    September  19. 
waale  gatea  cloaed  and  flaahboaraa  put  on  dam. 
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Spokane  River  at  dam  of  the  Washington  Water  Power  Company,  Spokane,  Washington^ 

for  189S. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

1 
5.25 

1 

Aug. 

1 

Sept. 

Oct. 

3.25 
3.33 
3.42 
3.50 
3.68 
3.67 
3.83 
4.00 
4.25 
4.50 
4.76 
5.00 
5.00 
5.00 
5.00 
5.08 
5.08 
5.08 
5.08 
5.17 
5.17 
6.17 
5.17 
6.17 
6.17 
5.17 
5.17 
6.17 
6.17 
6.08 
5.08 

Nov. 

5.00 
5.00 
4.92 
4.83 
4.83 
4.92 
5.17 
5.67 
6.17 
C.50 
6.67 
6.75 
6.83 
6.83 
6.83 
6.75 
6.67 
6.50 
6.38 
6.08 
6.83 
5.58 
5.42 
5.25 
5.17 
6.00 
6.00 
6.00 
6.00 
6.00 

Dec. 

1 

4.08 
4.17 
4.17 
4.25 
4.33 
4.42 
4.50 
4.50 
4.58 
4.58 
4.58 
4.58 
4.58 
4.50 
4.50 
4.50 
4.42 
4.42 
4.33 
4.25 
4.25 
4.17 
4.17 
4.17 
4.08 
4.08 
4.00 
4.00 
3.92 
3.92 
3.02 
1 

3.92 
3.83 
3.83 
3.83 

3.58 
3.58 
3.58 
».58 

3.50 
3.75 
4.08 
4.33 
4.67 
4.00 
4.42 
4.75 
4.83 
5.08 
5.08 
5.08 
4.92 
4.92 
4.75 
4.67 
4.50 
4.42 
4.33 
4.25 
4.25 
4.33 
4.42 
4.67 
5.00 
5.42 
5.58 
5.76 
5.92 
6.00 

6.17 
6.33 
6.50 
6.67 
6.75 
6.83 
6.92 
7.00 
7.17 
7.33 
7.50 
7.75 
7.75 
8.00 
8.25 
8.75 
9.00 
9.25 
10.00 
10.25 
10,25 
10.17 
9.75 
9.50 
9.50 
9,17 
9.00 
8.75 
8.50 
8.50 
8.50 

8.25 

1.83 

1.76 

1.76 

1.67 

1.67 

1.G7 

1.58 

1.58 

1.50 

1.50 

1.50 

1.42 

1.42 

1.33 

1.25 

1.17 

1.08 

1.00 

.92 

.83 

.83 

.75 

.75 

.67 

.58 

.50 

.42 

.42 

.42 

.33 

.33 

0.33 

.83 

.25 

.25 

.25 

.17 

.08 

.08 

.00 

.00 

.00 

3.25 

3.25 

3.17 

3.17 

3.17 

3.17 

3.17 

3.17 

3.17 

3.08 

3.08 

3.08 

3.08 

3.08 

3.08 

3.08 

3.08 

3.08 

3.06 

4.92 
4.92 
4.83 
4.83 
4.83 
4.83 
4.83 
4.83 
5.17 
5.67 
6.00 
6.83 
7.00 
7.00 
6.92 

2 

8.25 
8.25 
8.25 
8.25 

5.17 
5.00 
5.00 
4.02 

3.......:.;.... 

4 

5 

3. 75     3.  5K 
3.  75  ;  3.  58 
3.75  ;  ^.!» 

6 

8.  OU  ,  4. 83  i 
8.00     4.75 
8. 00     4. 67 
8.  00     4. 68 
8. 00     4.  42 

7 

8 

3,75 
3.67 
3.67 
3.58 
3.58 

3.67 
.67 
.67 
.67 
-67 

9 

10 

11 

7.92 
7.83 

4.25 
4.00 

12 

13 

3. 58     1. 83 
3.68     1.50 
3.58  :  l.«7 

7.75     3.92 

14 

7.58 
7.42 

3.75 
3.58 

15 

16 

3.58 
3.58 

1.67 
1.67 

7. 25     3. 42 

6.83 

17 

7.00 
0.92 
6.75 
6.58 
6.42 
6.33 
8.17 
6.00 
6.00 
5.83 
5.83 
5.67 
5.50 
5.33 

3.25 
3.08 
3.00 
2.02 
2.83 
2.67 
2.50 
2.42 
2.33 
2.17 
2.00 
2.00 
2.00 
2.00 
1.92 

6.67 

18 

3.58  i  1.G7 

6.50 
6.33 
6.17 
6.17 
6.17 
6.08 
6.00 
6.00 
5.92 
5.92 
5.92 
5.83 
6.83 
6.83 

]9 

3.58 
3.58 
3.58 
3.58 

1.67 
1.67 
1.67 
1.75 

20 

21 

22 

23 

3.58  .  1.75 

24 

25 

26 

3.68 
3.68 
3.58 
3.58 
3.68 

1.&3 
1.83 
2.00 
2.17 
2.42 
2.67 
2.92 
3.25 

27 

28 

29 

30 

31 

March  0,  10,  11  and  12,  waate  gatea  opened ;  llaahboarda  taken  out.    March  13,  waate  gatea  cloaed. 
April  6,  waate  gatea  opened.    September  12,  wa8te  gatea  cloaed  and  flaahboarda  put  in. 
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Spoiane  River  at  Dam  of  the  Waahingion  Water  Power  Companif,  Spokane,  Waihington, 

for  1894. 


Day. 


Jan. 


1.. 

2.. 

3.. 

4.. 

5-. 

6.. 

7.. 

8.. 

9.. 
10-. 
11-. 
12.- 
13.. 
U.. 
15.. 
16.. 
17.. 
18.. 
1».. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


6.75 
5.75 
6.67 
5.58 
6.50 
5.42 
5.33 
5.25 
5.17 
6.00 
4.83 
4.67 
4.07 
4.75 
5.17 
6.25 
7.00 
7.50 
7.58 
7.58 
7.50 
7.83 
7.00 
6.83 
6.67 
6.42 
6.25 
6.08 
6.00 
5.92 
5.83 


Feb. 


5.67 
5.50 


5. 
5. 
5. 
5. 
4. 


33 
17 
00 
00 
92 
!  4.92 
4.83 
i  4.83 
I  4.75 
!  4.67 
4.50 
4.50 
4.50 
4.  .33 
4.33 
4.17 
4.00 
3.92 
3.83 
3.83 
3.83 
3.75 
3.75 
3.75 
3.75 
3.75 


Mar. 


3.75 
3.75 
3.92 
3.92 
3.92 
3.92 
3.92 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.06 
4.08 
4.08 
4.08 
4.17 
4.17 
4.33 
4.49 
4.58 
4.67 
4.67 
4.67 
4.75 
4.92 
5.08 
5.33 
5.67 
6.00 


Apr.     Hay. 


Jane. 


6.50 
6.83 


7. 

7. 
7. 
7. 
7. 
7. 
7. 


00 
00 
08 
08 
08 
08 
08 
7.25 
7.25 
7.50 
7.83 
8.17 
8.50 
8  83 
8.92 
8.92 
8.83 
8.75 
8.67 
8.67 
8.67 
8.83 
9.08 
9.42 
9.58 
9.92 
10.08 
10.08 


10.08 

10.00 

0.83 

9.75 

9.58 

9.50 

9.50 

9.42 

9.42 

9.42 

9.33 

9.25 

9.25 

9.17 

9.08 

0.08 

0.33 

9.58 

0.02 

10.08 

10.17 

10.83 

10.50 

10.75 

11.00 

11.33 

11.67 

12.00 

12.17 

12.17 

12.42 


12.33 

12.33 

12.33 

12.25 

12.25 

12.25 

12.08 

11.92 

11.67 

11.33 

10.00 

9.83 

9.67 

9.42 

9.17 

9.00 

8.83 

8.75 

8.67 

8.50 

8.33 

8.25 

8.08 

7.92 

7.75 

7.58 

7.42 

7.25 

7.08 

6.92 


July. 


6.75 
6.67 
6.50 
6.33 
6.17 
6.00 
5.92 
5.75 
5.58 
5.42 
5.33 
5.25 
5.17 
5.08 


4. 
4. 
4. 
4. 
4. 
4. 


I 


92 
83 
67 
50 
33 
25 
4.08 
3.92 
3.83 
3.75 
3.75 
3.67 
3.67 
8.58 
8.58 
3.50 
3.50 


Aug.   Sept. 


3.42 
3.33 
3.25 
3.25 
3.17 
3.08 
3.08 
3.0O 
2.92 
2.83 
2.75 
2.67 
2.58 
2.50 
2.42 
2.33 
2.25 
2.17 
2.08 
2.00 
1.92 
1.83 
1.75 
1.75 
1.67 
1.58 
1.58 
1.68 
1.58 
1.60 
1.50 


1.60 
1.42 
1.42 
1.42 
1.42 
1.42 
1.33 
1.33 
1.33 
1.33 
1.33 
1.33 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.26 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 


Oct. 


1.25 
1.25 
1.25 
1.25 
1.26 
1.25 
1.25 
1.25 
1.25 
1.83 
1.83 
1.83 
1.83 
1.75 
1.75 
1.75 
1.75 
1.75 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.83 
2.00 
2.17 
2.25 
2.33 
2.33 


2.42 

2.'50 
2.68 
2.67 
2.67 
!  2.75 
i  2.75 
2.83 
I  2.92 
3.00 
3.17 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.17 
3.08 
3.00 
3.00 
3.00 
3.00 
3.08 
3.08 
3.06 
3.17 
3.26 
3. 42 


3.50 
3.58 
3.58 
8.58 
3.58 
3.58 
3.60 
3.60 
8.50 
3.50 
8.50 
3.50 
3.33 
3.33 
3.25 
3.17 
3.08 
8.08 
3.00 
3.00 
2.92 
2.92 
2.83 
2.83 
2.75 
2.76 
2.75 
2.67 
2.68 
2.60 
2.50 


April  4,  waste  gates  opened.    FlashboArds  were  carried  oat  in  high  water  of  April  and  May. 
b«r  10,  waste  gates  closed. 


Ooto- 


Spokane  River  at  dam  of  the  WoBkington  Water  Power  Company^  Spokane,  Waehington, 

for  1895. 


Day. 


1.. 

2.. 

3.. 

4.. 

5.. 

«.. 

7.. 

8.. 

9.. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
30.. 
81.. 


»  «  «  •  *  •  < 


Jan. 


2.42 
2.42 
2.33 
2.33 
2.26 
2.25 
2.25 
2.25 
2.26 
2.33 
2.33 
2.42 
2.67 
8.08 
3.50 
4.00 
4.33 
4.83 
4.33 
4.33 
4.42 
4.25 
4.26 
4.17 
4.17 
4.08 
4.00 
8.88 
3.67 
8.67 
8.68 


Feb. 


Mar.  Apr. 


8.50 
3.42 
3.42 
3.25 
3.17 
3.17 
8.08 
3.00 
2.92 
2.83 
2.83 
2.75 
2.75 
2.67 
2.58 
2.58 
2.58 
2.68 
2.50 
2.-60 
2.50 
2.50 
2.67 
3.17 
3.68 
4.00 
4.33 
4.67 


4.83 
4.83 
4.92 
5.00 
6.08 
6.08 
6.00 
4.83 
4.83 
4.75 
4.67 
4.60 
4.60 
4.42 
4.42 
4.42 
4.25 
4.17 
4.17 
4.0O 
4.00 
3.92 
3.83 
3.75 
8.75 
3.76 
3.75 
8.67 
3.67 
3.67 
4.00 


4.17 
4.33 
4.42 
4.50 
4.67 
4.67 
4.76 
4.75 
4.75 
4.88 
4.92 
5.00 
5.00 
6.17 
5.25 
5.33 
5.50 
5.67 
6.67 
5.75 
5.75 
6.75 
6.83 
5.83 
6.00 
6.17 
6.50 
6.67 
6.92 
7.00 


7.00 
7.17 
7.17 
7.25 
7.25 
7.33 
7.60 
7.50 
7.58 
7.67 
7.67 
7.50 
7.33 
7.00 
7.00 
6.83 
6.75 
6.75 
6.67 
6.2» 
6.58 
6.58 
6.68 
6.60 
6.33 
6.33 
6.17 
6.00 
6.00 
6.00 
6.00 


6.00 
6.00 
5.83 
6.75 
5.67 
6.58 
5.58 
5.50 
6.33 
5.00 
5.00 
5.00 
5.00 
5.00 
4.67 
4.50 
4.33 
4.25 
4.17 
4.08 
4.00 
3.83 
3.83 
8.67 
3.68 
3.50 
3.50 
3.60 
8.60 
3.50 


3.33 
3.25 
3.00 
3.00 
3.00 
3.00 
2.83 
2.83 
2.75 
2.67 
2.67 
2.58 
2.58 
2.50 
2.50 
2.42 
2.42 
2.42 
2.38 
2.33 
2.26 
2.25 
2.17 
2.08 
2.00 
2.00 
2.00 
2.00 
1.92 
1.83 
1.75 


1.75 
1.75 
1.76 
1.75 
1.67 
1.67 
1.68 
1.68 
1.58 
1.58 
1.58 
1.50 
1.50 
1.42 
1.42 
1.42 
1.42 
1.33 
1.25 
1.17 
1.08 
1.00 
.00 
.00 
.00 
.00 
.00 
2.76 
2.75 
2.75 
2.75 


Sept. 


2.75 
2.75 
2.75 
2.75 
2.83 
2.83 
2.83 
2.92 
3.00 
3.00 
3.00 
3.08 
3.17 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
8.00 
3.00 
3.00 
3.00 
3.00 
3.00 
8.00 
3.00 


Oct. 


3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
8.00 
3.00 
3.0O 
3.00 
3.00 
3.00 
2.83 
2.83 
2.67 
2.67 
2.83 
3.00 
3.00 


Nov. 


3.00 


8.50 


3.00 

3.60 

8.00 

3.50 

8.00 

3.60 

3.00 

3.50 

3.08 

3.60 

3.08 

8.50 

3.17 

3.50 

8.17 

3.60 

3.17 

3.60 

3.17 

8.50 

8.17 

3.68 

8.17 

3.58 

3.17 

8.67 

3.17 

3.67 

3.17 

3.67 

3.17 

3.67 

3.17 

3.67 

3.17 

3.67 

3.17 

3.67 

8.17 

3.67 

3.17 

3.67 

3.17 

3.67 

3.17 

3.67 

3.17 

3.67 

8.17 

3.67 

3.25 

3.67 

8.33 

3.67 

3.33 

8.75 

3.38 

3.75 

3.75 

Angost  23,  waste  gates  opened.    Augast  26,  flashboards  pat  in.    August  28,  one  waste  gate  closed. 
SeptMuber  6,  other  wastd  gate  closed. 
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RIVER   HEIGHTS  FOR  1896. 


[HO.  11. 


Spokane  Biver  at  Spokane,  Washington,  for  1896, 


Day. 


8........ 

5 

« 

•■••••■■» 

0 

10 

11 

18 

U 

15 

18 

17 

18. 

20 

22 

28 

24 

25 

26 

28 

20 

ou* •■■•*•• 

81 


Jan. 


8.76 
8.76 
8.75 
8.76 
8.83 
8.83 
8.88 
8.88 
8.92 
8.92 
8.92 
8.92 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.17 
4.17 
4.83 
4.42 
4.60 
4.60 
4.07 
4.67 
5.00 
6.00 
5.00 
6.00 
6.00 


Feb. 


6.00 
5.00 
5.00 
6.00 
5.00 
5.00 
5.00 
5.00 
6.00 
6.00 
5.00 
5.00 
6.00 
5.00 
5.00 
5.00 
5.17 
5.17 
5.17 
5.83 
5.33 
5.88 
5.88 
5.33 
5.42 
5.42 
5.42 
5.83 
6.88 


Mar. 


6.33 
6.17 
6.17 
6.00 
6.00 
6.00 
6.00 
6.00 
6.  CO 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
5.88 
5.88 
5.67 
5.67 
6.67 
5.83 
6.00 
6.33 
7.00 
7.00 
7.33 
7.50 
7.50 
7.67 
7.67 


Apr. 


7.67 
7.60 
7.50 
7.50 
7.38 
7.17 
6.83 
6.83 
6.67 
6.67 
6.67 
6.67 
6.75 
6.02 
6.92 
7.83 
7.50 
7.66 
7.58 
7.58 
7.50 
7.83 
7.17 
7.08 
7.00 
7.00 
7.08 
7.17 
7.17 
7.26 


May. 


7.83 
7.42 
7.42 
7.50 
7.60 
7.58 
7.68 
7.67 
7.67 
7.75 
7.75 
7.75 
7.75 
7.75 
7.75 
7.75 
7.75 
7.67 
7.67 
7.58 
7.50 
7.50 
7.50 
7.50 
7.58 
7.58 
7.67 
7.75 
7.88 
8.00 
8.17 


June. 


8.42 
8.67 
8.67 
8.75 
8.75 
8.83 
8.92 
8.83 
8.75 
8.76 
8.75 
8.75 
8.67 
8.67 
8.58 
8.58 
8.58 
8.58 
8.58 
8.58 
8.50 
8.60 
-8.50 
8.50 
8.50 
8.42 
8.33 
8.83 
8.25 
8.17 


July.  Aag. 

Sept. 

Oct. 

Nov. 

8.00 

3.26 

1.83 

1.42 

1.40 

7.83 

3.25 

1.88 

1.42 

1.60 

7.67 

8.17 

1.88 

1.88 

1.50 

7.50 

3.08 

1.76 

L38 

1.60 

7.88 

8.00 

1.75 

1.88 

L55 

7.08 

3.00 

1.75 

1.88 

1.66 

6.83 

2.92 

1.67 

1.88 

1.60 

6.58 

2.83 

1.67 

1.88 

1.60 

6.33 

2.83 

1.67 

1.26 

1.65 

6.17 

2.75 

1.67 

L25 

1.65 

6.00 

2.76 

1.67 

1.25 

1.70 

5.83 

2.67 

1.58 

1.26 

1.80 

5.67 

2.67 

1.58 

1.26 

1.80 

6.60 

2.58 

1.58 

1.25 

L80 

6.26 

2.58 

1.58 

1.25 

2.10 

6.00 

2.50 

1.58 

1.25 

8.10 

4.75 

2.42 

1.68 

1.26 

4.85 

4.58 

2.42 

1.68 

1.25 

6.80 

4.42 

2.88 

1.58 

1.25 

6.00 

4.86 

8.38 

1.68 

1.25 

6.80 

4.17 

2.25 

1.68 

1.26 

6.80 

4.00 

2.17 

1.68 

1.17 

6.85 

4.00 

2.17 

1.50 

1.17 

6.35 

8.83 

2.08 

1.50 

1.17 

6.20 

3.67 

2.08 

1.50 

al.4 

6.20 

8.50 

2.08 

L50 

1.46 

6.00 

8.42 

2.08 

1.50 

1.46 

5.60 

8.42 

2.08 

1.50 

1.40 

6.60 

8.42 

2.00 

1.42 

1.40 

6.20 

8.38 

1.92 

1.42 

1.40 

6.00 

8.88 

1.92 

1.40 

Dec. 


4.70 
4.60 
4.00 
4.70 
6.20 
5.60 
6.60 
6.85 
6.10 
6.30 
6.60 
6.60 
6.90 
7.20 
7.50 
7.60 
7.60 
7.60 
7.40 
7.20 
7.10 
7.00 
6.70 
6.60 
6.60 
6.20 
6.10 
6.00 
6.80 
6.00 
6.50 


a  New  gage  rod. 


Umatilla  Biver  at  Oihhon,  Oregon. 


Day. 


1. 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


July. 


Aug. 


0.80 
.76 
.76 
.90 
.85 
.86 
.85 
.85 
.85 
.85 
.86 
.86 
.85 
.85 
.85 
.80 


Sept.    Oct. 


0.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.90 
.90 
.85 
.85 
.85 
.85 


0.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.90 
.90 
.85 
.85 
.85 
.85 
.80 


Not. 


1.00 
1.00 
1.00 
1.10 
1.10 
1.00 
1.00 
2.80 
1.90 
2.20 
1.00 
1.70 
1.70 
3.20 
4.10 
4.00 


Dec. 


1.60 
1.60 
1.60 
2.05 
2.46 
2.40 
2.30 
2.20 
2.20 
2.30 
2.35 
3.90 
8.80 
3.20 
2.80 
2.55 


Day. 


July. 


17 

18 

19 

20 

21 

22 

0.85 

23 

.00 

24 

.85 

25 

.85 

26 

.85 

27 

.85 

28 

.85 

29 

.85 

30 

.80 

31 

.80 

Aug. 


0.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.90 


Sept. 


0.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 


Oct. 


0.80 
.85 
.85 
.85 
.86 
.86 
.80 
.80 
.80 
.80 
.85 
.86 
.86 
.90 

1.15 


Nov. 


4.00 
8.80 
8.45 
3.00 
2.70 
2.45 
2.30 
2.10 
2.06 
1.05 
1.80 
1.75 
1.66 
1.00 


Dec. 


2.40 
2.30 
2.26 
2.20 
2.10 


2.06 
2.00 
1.90 

1.90 
L86 

1.80 


DATI8.] 
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Saeramento  Biver  at  Bedbluf,  CaHfamia, 


Day. 


1 

2 

Oa  •  • •  • 

4 

5 

0. .... 

7 

8 

w«  •  •  •  • 

10 

11 

12 

13 

14 

15 

16 

17 

AO«    *  •    •    B 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

ao 

81. ■ . • • 


Jan. 


1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

l.UO 

LOO 

1.00 

8.20 

7.20 

11.60 

28.50 

28.00 

22.80 

20.90 

22.40 

19.00 

14.80 

13.20 

19.60 

16.00 

24.10 

19.90 

16.10 

12.00 

9.40 


Feb. 


10.70 
8.90 
7.90 
6.90 
6.20 
5.90 
6.20 
4.90 
4.70 
4.60 
4.20 
4.10 
4.00 
3.80 
3.80 
3.70 
8.40 
3.20 
8.10 
3.00 
2.90 
2.90 
2.90 
2.70 
2.70 
2.70 
2.70 
2.80 
2.80 


Har. 


8.40 
8.40 
8.80 
8.00 
8.10 
8.80 
6.50 
6.80 
6.20 
5.40 
4.90 
4.40 
4.40 
4.40 
4.20 
4.00 
4.00 
8.90 
3.90 
4.00 
6.60 
7.30 
9.90 
11.90 
13.10 
18.60 
16.50 
18.00 
10.40 
8.60 
8.20 


Apr.     Hay. 


7.40 
6.90 
6.80 
6.00 
5.80 
7.20 
9.00 
8.50 
7.10 
7.30 
6.90 
6.40 
6.10 
7.20 
6.50 
6.10 
5.70 
5.40 
5.50 
5.20 
5.10 
5.20 
6.60 
18.70 
15.80 
18.60 
12.70 
11.40 
9.60 
9.20 


9.70 
9.20 
9.10 
16.90 
15.30 
12.60 
10.90 
9.80 
0.10 
8.40 
11.50 
9.80 
8.80 
8.10 
7.60 
7.20 
6.80 
6.50 
6.20 
5.90 
5.80 
8.80 
8.10 
7.40 
6.60 
6.90 
6.80 
6.90 
6.90 
6.80 
6.60 


Jane. 


6.10 
5.90 
5.90 
6.80 
5.80 
5.80 
5.50 
5.40 
5.20 
4.80 
4.40 
4.20 
4.20 
4.20 
4.20 
4.00 
3.90 
8.80 
3.60 
8.40 
3.30 
8.20 
8.10 
2.90 
2.90 
2.80 
2.70 
2.60 
2.60 
2.60 


Jnly. 
2.40 

Ang. 
0.70 

Sept. 

Oot. 

0.40 

0.40 

2.80 

.70 

.40 

.40 

2.30 

.70 

.40 

.40 

2.20 

.60 

.30 

.40 

2.10 

.60 

.30 

.40 

1.90 

.60 

.30 

.30 

1.90 

.50 

.30 

.80 

1.80 

.50 

.80 

.80 

1.70 

.60 

.30 

.30 

1.70 

.50 

.30 

.30 

1.70 

.no 

.80 

.30 

1.70 

.60 

.80 

.30 

1.60 

.40 

.30 

.80 

1.60 

.40 

.30 

.30 

1.60 

.40 

.30 

.30 

L50 

.40 

.30 

.30 

1.50 

.40 

.80 

.30 

1.40 

.40 

.80 

.80 

1.30 

.40 

.30 

.80 

1.30 

.40 

.60 

.80 

1.30 

.40 

.60 

.30 

1.20 

.40 

.60 

.80 

1.20 

.40 

.60 

.30 

1.10 

.40 

.50 

.80 

1.10 

.40 

.60 

.80 

1.10 

.40 

.40 

.80 

1.00 

.40 

.40 

1.80 

1.00 

.40 

.40 

.90 

.90 

.30 

.40 

.70 

.90 

.JJO 

.40 

.70 

.80 

.30 

.60 

Nov. 


0.80 

.70 

.60 

.50 

.50 

.60 

.30 

.40 

.80 

.80 

.80 

.60 

.60 

.60 

.60 

1.20 

6.60 

5.20 

3.00 

8.40 

2.80 

2.90 

6.70 

12.50 

7.60 

8.90 

8.20 

2.70 

3.30 

8.80 


Deo. 


3.60 

4.60 

4.80 

4.00 

3.90 

4.20 

4.20 

4.00 

4.00 

4.00 

4.60 

4.80 

6.20 

10.60 

20.60 

14.40 

9.70 

0.20 

8.30 

7.30 

7.10 

7.10 

7.60 

0.40 

8.20 

10.40 

11.60 

16.40 

15.20 

10.80 

9.40 


Saoramenio  River  at  Jelly  Ferry,  California, 


Day. 

Jan. 

Feb. 

1 

Mar. 

Apr. 

May. 

Jane. 

Jnly. 

Aag. 

Sept 

Oct. 
5.60 

Nov. 

Dec. 

1 

5.70 

18.60 

7.90 

11.80 

12. 9U 

10.30 

6.90 

5.90 

6.70 

5.90 

6.80 

2 

5.70 

12.90 

7.80 

10.80 

13.80 

10.30 

6.80 

5.90 

5.70 

5.60 

5.80 

6.90 

8 

5.70 

1V90 

7.90 

10.40 

13.40 

10.10 

6.70 

5.90 

5.60 

5.60 

6.80 

7.00 

4 

5.70 

11.20 

7.70 

10.10 

21.20 

10.10 

6.70 

5.80 

5.60 

5.60 

6.70 

7.00 

5 

6.70 

10.60 

7.70 

10.20 

19.00 

10.10 

6.60 

5.80 

5.60 

5.60 

6.70 

7.00 

6 

5.70 

10.10 

8.10 

12.50 

16.50 

10.00 

6.60 

5.80 

5.60 

5.60 

6.70 

7.10 

7 

5.70 

9.80 

9.60 

11.50 

15.10 

9.80 

6.60 

6.80 

6.60 

5.50 

5.70 

7.10 

8 

5.70 

9.40 

10.80 

11.60 

14.00 

9.70 

6.50 

5.80 

.^60 

5.50 

6.70 

7.00 

9 

5.70 

9.10 

10.60 

11.80 

13.10 

9.40 

6.50 

5.80 

6.60 

5.50 

5.70 

6.90 

10 

6.70 

9.00 

9.70 

10.60 

12.40 

9.20 

6.50 

5.80 

5.60 

.^50 

6.10 

6.80 

11 

6.70 

8.70 

9.80 

10.40 

14.50 

8.90 

6.40 

6.70 

6.00 

5.50 

6.90 

6.70 

12 

5.70 

8.60 

9.00 

10.20 

18.70 

8.80 

6.40 

6.70 

5.60 

6.50 

5.80 

7.20 

13 

5.70 

8.80 

8.90 

11.20 

12.90 

8.60 

6.40 

5.70 

5.60 

5.50 

5.80 

11.20 

14 

5.90 

8.20 

8.80 

10.50 

12.40 

8.60 

6.30 

6.70 

5.60 

5.50 

5.70 

16.30 

15 

11.20 

8.10 

8.50 

10.10 

11.90 

8.40 

6, 30     5. 70 

5.50 

5.60 

5.70 

24.00 

16 

19.00 

7.90 

8.50 

9.80 

11.30 

&80 

6.30 

5.70 

5.50 

5.50 

8.00 

16.70 

17 

27.70 

7.80 

8.40 

9.60 

10.90 

8.20 

6.30 

5.70 

5.50 

5.60 

11.70 

13.20 

18 

23.70 

7.70 

8.30 

9.60 

10.70 

8.00 

6.20 

5.70 

5.50 

5.50 

9.00 

11.10 

19 

22.80 

7.60 

8.20 

9.60 

10.50 

8.00 

6.20 

5.70 

6.60 

5.50 

7.50 

9.90 

20 

27.80 

7.50 

8.80 

0.30 

10.20 

7.80 

6.20 

5,70 

5.70 

5.50 

8.50 

9.30 

21 

26.50 

7.60 

10.60 

9.40 

10.00 

7.70 

6.10 

5.70 

5.70 

6.50 

7.40 

8.80 

22 

21.80 

7.50 

11.80 

9.40 

12.60 

7.60 

6.10 

5.70 

5.70 

6.50 

10.60 

8.40 

23 

19.50 

7.40 

14.10 

10.00 

12.80 

7.50 

6.10 

6.70 

5.70 

6.50 

10.60 

8.00 

24 

18.30 

7.40 

16.30 

18.50 

11.60 

7.40 

6.00 

5.60 

6.70 

6.60 

15.40 

7.00 

25 

*Z1.90 

7.30 

17.00 

16.90 

11.00 

7.30 

6.00 

6.60 

5.70 

5.60 

11.40 

7.70 

26 

20.50 

7.30 

17.80 

15.80 

10.90 

7.20 

6.00 

6.60 

5.70 

5.60 

9.80 

7.60 

27 

29.70 

7.50 

19.10 

14.20 

10.90 

7.10 

6.00 

5.60 

6.60 

6.60 

8.30 

10.00 

28 

24.30 

8.10 

16.40 

13.10 

10.80 

7.10 

6.00 

5.60 

5.60 

6.90 

7.70 

15.20 

29 

19.80 

7.90 

14.60 

12.90 

11.00 

7.00 

6.00 

6.60 

5.60 

6.70 

7.20 

15.60 

80 

17.00 

18.80 

13.50 

11.  UO 

7.00 

6.00 

6.60 

5.60 

6.70 

7.10 

16.20 

81 

14.60 

12.20 

10.60 

5.90 

5.70 

5.70 

16.40 

90 


BIVEB   HEIGHTS   FOR   1896. 


[NO.  11. 


StanUlauB  Biver  at  OakdaU,  California. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

5.60 
6.60 
5.60 
5.70 
6.30 
5.80 
5.40 
5.30 
5.20 
6.00 
5.20 
5.70 
5.40 
5.90 
6.10 
5.90 
6.00 
6.00 
5.70 
5.60 
5.99 
6.20 
6.80 
7.10 
7.90 
9.00 
9.60 
10.40 
11.50 
9.90 
10.30 

June. 

July. 

Aug. 

2.80 
2.70 
2.70 
2.40 
2.70 
2.60 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.60 
2.40 
2.40 
2.40 
2.40 
2.40 
2.60 
2.50 
2.40 
2.60 
2.50 
2.40 
2.30 
2.20 
2.20 
2.30 
5.10 

Sept 

Oct. 

Nov. 

Dec. 

1 

2.00 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.20 
2.20 
2.20 
2.30 
3.70 
5.90 
6.60 
8.30 
8.30 
7.20 
5.50 
4.90 
4.50 
4.40 
7.70 
7.20 
5.00 
4.50 
3.90 

3.90 
3.80 
3.70 
3.60 
3.60 
3.40 
3.30 
3.30 
3.20 

3.70 
3.40 
3.50 
8.40 
3.30 
3.30 
3.30 
3.30 
3.30 

5.40 
5.80 
5.20 
5.00 
4.80 
5.60 
5.60 
5.00 
4.90 
5.10 
4.90 
5.00 
5.10 
7.60 
6.30 
5.70 
5.40 
5.10 
4.90 
4.70 
4.70 
4.90 
5.10 
9.30 
9.50 
7.60 
6.40 
5.90 
5.70 
5.60 

9.90 
10.60 
9.10 
8.20 
8.30 
8.60 
8.70 
9.10 
g.9() 
9.50 
8.60 
0.10 
8.60 

6.00 
4.80 
4.70 
4.60 
4.70 
6.70 
5.00 
4.70 
4.90 
4.60 
4.60 
4.30 
4.10 

3. 60     2. 80 
3.20     2.30 
2. 80     2. 30 
2. 60     2. 60 
2. 50     2. 20 
2. 50     2. 20 
2. 60     2. 20 
2. 70  '  2. 20 
2.50     2.20 
2. 50  1  2.  30 
2. 50  '  2. 30 
2. 40     2.  20 
2. 40     2. 20 
2. 30     2.  20 
2. 80     2. 20 
2. 80     2. 20 
2. 30     2.  20 
2. 30  '  2. 20 
3. 30  ,  2.  20 
2. 30     2. 20 
2.40  1  2.20 
2.  40  !  2.  20 
2. 40     2.  20 
2.40     2.20 
2.  40  ;  2.  20 
2. 40     2. 20 
2. 40     2. 50 
2. 40     2. 60 
2. 30     2. 40 
2. 30     2. 30 
2.30 

2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.40 
3.80 
3.30 
2.80 
2.60 
2.50 
2.50 
2.50 
2.50 
2.60 
2.60 
2.70 
2.70 
2.90 
3.10 
3.00 
6.70 
5.50 
4.00 
3.60 
3.40 
3.10 
3.00 

8.00 
3.00 
3.00 
8.00 
2.90 
2.90 
2  90 
2.80 
2.80 
2.80 
2.80 
2.80 
4.50 
4.00 
3.50 
3.60 
3.30 
3.10 
3.00 
3.00 
2.90 
2.90 
2.90 
2.80 
2.80 
2.90 
3.30 
3.40 
3.80 
a.  20 
4.30 

2 

3 

4 

5 

6 

7 

8 

■   9 

10 

11 

12 

3. 20     3. 30 
3.  20     3. 20 
3.20     3.50 
3. 10     3. 60 

13 

14 

15 

3.10 
3.10 
3.10 
3.10 
3.10 
3.20 
3.20 
3.20 
8.20 

3.70 
3.90 
4.00 
4.80 
4.70 
4.50 
4.90 
6.10 
fl.flO 

9.00  '  3.80 
8. 80     3. 70 
8. 20     3. 60 
8. 40  1  3. 50 
7.90  '  3.70 
7.00  1  3.60 
6.90     3.50 

16 

17 

18 

19 

20 

21 

7.60 
7.50 

3.40 
3.30 

22 

23 

24 

25 

3.20  '  6.40 
3. 20     6. 10 
3.  20     6. 30 
3.30  1  7.80 
3.40   11.00 
3. 50     7. 30 
3.80     6.40 

'  6.10 

5.70 

6.80  ,  3.30 
7.10     3.20 
6.  50     3. 10 
6. 00     8. 10 
6.00     3.10 
6.00     3.00 
5. 90     3. 00 
5.30     2.90 

2.80 

1 

26 

27 

'    28 

20 

30 

31 

Tuolumne  Biver  at  Lagrange,  California. 


Day. 

Jan. 

Feb. 

Apr. 

May. 

6.40 
6.50 
6.70 
6.90 
7.00 
6.80 
6.70 
6.70 
6.70 
6.60 
6.70 
6.80 
6.60 
6.50 
6.60 
6.40 
6.40 
6.60 
6.80 
6.50 
6.80 
7.00 
6.90 
7.10 
7.80 
8.50 
8.90 
9.20 
10.20 
9.60 
9.60 

June. 

July. 

7.40 
7.20 
7.10 
7.20 
7.70 
7.70 
7.50 
7.80 
7.40 
7.40 
7.40 
7.10 
6.80 
6.50 
6.30 
6.30 
6.40 
6.20 
6.10 
5.90 
5.90 
5.80 
6.70 
5.60 
6.40 
6.70 
6.60 
5.40 
6.80 
6.20 
6.10 

Aug. 

6.00 
6.00 
6.00 
4.90 
4.80 
4.80 
4.70 
4.70 
4.60 
4.50 
4.50 
4.50 
4.60 
4.60 
4.50 
4.50 
4.40 
4.40 
4.40 
4.50 
4.50 
4.50 
4.50 
4.40 
4.40 
4.40 
4.30 
4.30 
4.30 
4.80 
6.60 

Sept. 

Oct. 

4.20 
4.20 
4.10 
4.10 
4.10 
4.10 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
8.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
8.90 
8.90 
3.90 
3.90 
8.90 
8.90 
4.20 
4.60 
4.40 
4.40 
4.40 

1  Nov. 

4.50 
4.50 
4.40 
4.30 
4.30 
4.30 
4.30 
4.30 
4.80 
6.40 
6.60 
5.20 
5.00 
4.90 
4.60 
4.70 
4.80 
5.10 
6.20 
6.20 
6.50 
6.30 
5.80 
7.90 
7.00 
6.20 
6.70 
6.50 
6.80 
6.10 

Dec. 

1 

4.50 

.(i.fiO 

*7."o6' 

6.90 
6.60 
6.50 
6.40 
6.80 
6.50 
6.40 
6.30 
8.40 
9.10 
8.50 
8.10 
7.90 
7.20 
6.70 

9.30 
9.30 
9.60 
9.20 
9.30 
9.20 
9.60 
9.20 
9.60 
9.20 
9.20 
9.20 
9.40 
9.20 
9.60 
9.50 
9.20 
9.20 
9.10 
9.80 
8.50 
8.60 
8.60 
8.10 
8.20 
8.00 
7.90 
7.90 
8.10 
7.60 

5.70 
5.20 
6.00 
4.90 
4.80 
4.70 
5.20 
5.10 
4.80 
4.70 
4.60 
4.60 
4.60 
4.40 
4.30 
4.20 
4.20 
4.20 
4.10 
4.10 
4.30 
4.80 
4.60 
4.60 
'    4.40 
4.80 
4.30 
4.80 
4.30 
4.20 

6.10 
5.20 
6.20 
5.20 
5.20 
5.10 
5.10 
5.00 
6.00 
5.00 
5.00 
5.00 
6.80 
6.10 
5.70 
5.60 
5.40 
5.20 
5.10 
5.10 

i;;:::;:::::;:. 

4.50  1  6.80 
4.60  1  5.60 
4.50  ,  5.50 
4. 60     5. 50 
4. 50  !  5. 40 
4.50     5.40 
4. 50     6. 30 
4. 60     5. 30 
4.60  ,  5.30 
4. 50     5.  30 
4.50  I  5.30 
4. 50  '  5.  30 
4. 50     6. 30 
4. 50     5. 30 

1      3 

4    

'  5.:..:::::::::: 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

4.90 
5.60 
8.50 
7.20 
8.30 
8.10 
7.30 
7.00 
6.70 
6.10 
5.60 
8.90 
7.60 
7.50 

5.30 
5.30 
5.30 
5.80 
5.30 
5.30 
5.30 
5.30 
5.30 
5.30 
5.30 
5.80 
5.80 
S.30 

17 

18 

19 

20 

'  21 ::.:... 

5.10 

22 

5.00 

23 

5.00 

24 

6.00    1 

25 

4.90    ! 

26 

4.90    1 

27 

5. 10    ! 

28 

6.40 
5.50 
5.30 
5.70 

29 

30 

7.10    

31 

6.40 

• 

DATI&] 
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Tuolumne  Bivcr  at  Modesto,  California. 


'       D»y. 

Jan. 

Feb. 

Har. 

Apr. 

7.60 

May. 

Jane. 

Jnly. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

3.80 

6.30 

6.00 

7.80 

16.40 

10.30 

5.80 

7.40 

8.70 

8.80 

6.20 

2 

3.80 

6.10 

5.60 

7.10 

7.80 

16.90 

9.90 

6.00 

6.00 

8. 60 

3.80 

5.10 

3 

8.70 

5.90 

5.60 

7.20 

7.70 

17.00 

9  50 

4.80 

5.30 

8.60 

3.80 

5.00 

4 

3.60 

5.80 

5.30 

7.10 

7.90 

14.80 

9.60 

4.80 

4.90 

3.50 

3.80 

5.10   ^ 

t:::::: 

8.60 

6.70 

5.20 

6.90 

8.10 

13.80 

9.50 

4.90 

4.80 

8.50 

3.70 

5.  GO 

3.60 

5.50 

5.10 

6.70 

8.70 

14.30 

12.60 

4.90 

4.40 

3.50 

3.70 

4.00 

7 

3.70 

6.30 

5.20 

7.20 

7.80 

15.80 

10.70 

4.70 

4.30 

3.50 

3.70 

4.80 

8 

3.70 

6.80 

5.30 

6.80 

7.50 

17.10 

10.00 

4.70 

4.80 

3.30 

3.70 

4.70 

9 

3.70 

5.30 

5.30 

6.70 

7.40 

17.60 

10.10 

4.60 

4.70 

3.30 

3.80 

4.60 

10 

8.70 

5.10 

5.40 

7.20 

7.10 

17.60 

10.30 

4.50 

4.60 

3.80 

3.80 

4.70 

11 

8.70 

5.30 

5.60 

7.20 

7.00 

16.30 

0.90 

4.60 

4.40 

3.30 

7.20 

4.70 

12 

3.80 

6.10 

5.80 

6.70 

7.70 

16.80 

10.50 

4.50 

4.30 

3.30 

6.70 

4.60 

13 

3.90 

5.10 

6.00 

6.80 

7.40 

16.80 

9.70 

4.50 

4.10 

3.20 

6.20 

4.60 

U 

3.90 

5.20 

6.30 

7.70 

7.70 

16.80 

9.30 

4.40 

8.90 

3.20 

4.70 

8.0U 

15 

4.80 

5.00 

6.60 

10.20 

8.20 

16.70 

8.80 

4.30 

3.P0 

3.10 

4.50 

6.40 

1« 

4.10 

5.00 

6.60 

8.00 

8.50 

16.70 

8.30 

4.20 

3.90 

3.10 

4.40 

6.30 

17 

4.40 

5.00 

6.60 

7.40 

8.10 

16.60 

8.20 

4.20 

3.70 

3.00 

4.40 

5.50 

18 

10.80 

5.20 

6.40 

6.80 

8.40 

16.70 

9.00 

4.10 

3.70 

3.00 

4.40 

5.30 

19 

16.30 

6.30 

6.40 

6.70 

8.30 

15.00 

7.90 

4.10 

3.70 

3.00 

4.70 

5.20 

20 

9.20 

5.30 

6.60 

6.70 

7.70 

13.90 

l.iO 

4.10 

3.60 

3.00 

4.90 

4.80 

21 

15.20 

5.40 

7.80 

6.40 

7.70 

13.70 

7.20 

4.10 

3.50 

3.20 

4.90 

4.60 

22 

12.80 

5.40 

7.50 

6.50 

8.50 

13.80 

7.00 

4.00 

3.70 

3.20 

5.40 

4.60 

23 

10.30 

5.10 

8.00 

7.00 

8.50 

13.80 

6.80 

4.00 

3.80 

3.20 

5.30 

4.40 

24 

8.10 

5.10 

8.20 

6.80 

9.00 

13.50 

6.70 

4.00 

3.80 

3.20 

7.00 

4^0 

25 

6.90 

5.00 

8.00 

17.70 

10.40 

13.50 

6.40 

4.00 

4.00 

3.20 

11.70 

4.80 

26 

7.00 

5.40 

8.40 

11.70 

11.90 

12.30 

6.30 

4.00 

8.00 

3.20 

8.70 

4.80 

27 

9.30 

5.50 

15.10 

10.70 

18.40 

11.70 

6.70 

4.00 

3.80 

3.40 

6.50 

4.70 

28 

16,70 

5.50 

11.90 

9.70 

14.70 

11.60 

6.50 

3.00 

8.80 

4.20 

5.70 

4.00 

29 

9.90 

5.80 

9.50 

8.30 

16.70 

11.70 

6.10 

3.80 

3.80 

4.00 

5.50 

5.80 

30 

8.30 

8.40 

8.40 

17.60 

11.00 

6.80 

3.80 

3.70 

3.80 

5.30 

5.50 

31 

6.80 

8.00 

16.10 

•••«••• 

5.60 

4.70 

8.80 

" 

6.00 

<S'an  Joaquin  Birer  at  HerndoHy  California, 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17- 
18. 
19. 
20. 
21. 
22. 
23. 
24. 


26. 
27. 
28. 
29. 
30. 
31. 


Jan. 

Feb. 

2.00 

3.70 

2.50 

3.70 

2.50 

3.60 

2.50 

3.60 

2.60 

3.40 

2.70 

3.30 

2.70 

3.30 

2.60 

3.20 

2.60 

3.20 

2.60 

3.30 

2.60 

3.30 

2.60 

3.30 

2.60 

3.30 

260 

3.30 

2.60 

3.30 

2.8U 

3.30 

8.20 

8.30 

4.20 

3.80 

8.50 

3.30 

6wOO 

8.30 

&00 

3.30 

6.60 

3.30 

4.80 

3.30 

4.30 

3.40 

4.00 

3.40 

3.80 

3.50 

4.00 

3.50 

5.00 

3.50 

4.30 

3.80 

4.00    

3.80 

•  •  •  •  -  L 

Mar. ,  Apr.   May.  June.' July.  Ang.  Sept. 


3.80 
3.90 
8.80 
3.70 
3.50 
3.40 
3.40 
3.40 
3.50 
3.50 
3.60 
8.70 
3.80 
3.80 
8.80 
4.00 
4.00 
4.00 
4.00 
4.00 
4.30 
4.30 
4.70 
4.80 
4.70 
4.80 
8.30 
5.90 
5.40 
5.00 
4.70 


4.60 
4.40 
4.20 
4.10 
4.10 
4.00 
4.20 
4.00 
4.00 
4.00 
4.30 
4.20 
4.10 
4.20 
4.10 
4.30 
5.60 
4.70 
4.20 
4.00 


00 
00 


3.90 
3.90 
4.00 
5.00 
5.40 
4.80 
4.60 
4.70 


4.50 
4.60 
4.70 
4.90 
4.90 
5.30 
4.80 
4.50 
4.50 
4.30 
4.30 
4.60 
4.60 
4.90 
5.20 
6.20 
5.00 
5.20 
5.00 
4.80 
5.00 
5.00 
5.10 
5.60 
6.10 
7.10 
7.10 
8.10 
10.20 
9.30 
8.50 


9.20 
9.60 
9.70 
9.10 
9.10 
8.00 
8.80 
8.80 
8.70 
8.90 
8.70 
8.00 
7.80 
8.80 
8.80 
8.70 
8.90 
8.70 
8.00 
7.80 
8.00 
7.70 
7.30 
7.00 
7.00 
6.60 
6.40 
6.30 
6.30 
6.30 


Nov.       Dec. 


6.90 
5.70 
5.50 
5.40 
6.00 
6.60 
6.10 
5.80 
5.70 
6.80 
6.90 
6.10 
6.90 
6.60 
6.20 
4.80 
4.70 
5.20 
4.80 
4.70 
4.50 
4.40 
4.60 
4.50 
4.50 
4.50 
4.40 
4.00 
3.90 
3.70 
3.70 


3.50 
3.40 
3.50 
3.50 
3.40 
3.40 
3.30 
3.30 
8.30 
3.30 
8.30 
3.30 
3.30 
3.30 
8.30 
3.30 
3.30 
8.80 
8.50 
8.50 
3.40 
3.30 
8.30 
3.30 
3.30 
3.10 
3.00 
3. 00 
3.00 
3.00 
3.00 


3.40 

2.30 

3.30. 

2.30 

8.20 

2.30 

3.10 

2.50 

3.00 

2.50 

8.00 

2.40 

2.80 

3.40 

3.20 

2.30 

3.30 

2.30 

3.10 

2.30 

3.10 

2.30 

2.90 

2.  .30 

2.90 

2.30 

2.80 

2.30 

2.70 

2.30 

2.70 

2.30 

2.70 

2.30 

2.70 

2.80 

2.70 

2.30 

2.00 

2.30 

2.60 

2.30 

2.50 

2.40 

2.50 

2.40 

2.50 

2.30 

2.50 

2.30 

2.60 

2.30 

2.50 

2.50 

2.50 

2.50 

2.30 

3.00 

3.30 

3.00 

2.80 

2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
8.30 
3.20 
3.00 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2  80 
2.70 
2.80 
8.00 
4.20 
3.70 
3.70 
8.20 
3.00 
2.90 


2.80 
2.70 
2.70 
2.70 
2.70 
2.80 
3.00 
2.90 
2.80 
2.80 
2  80 
2  80 
2.80 
3.30 
3.80 
3.50 
3.30 
8.10 
8.00 
3.00 
2.90 
2  80 
2  80 
2  70 
2  70 
2  80 
280 
8.00 
3.10 
3.10 
3.00 
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RIVER  HEIGHTS   FOR   1896. 


[iro.  11. 


KingB  Biver  at  Bed  Mauntaifif  Cali/amia. 


Day. 


2 

8 

'    4 

5 

6 

7 

8 

9 

K). ....... 

11 

12 

18 

XV  ■•«•»«•.• 

16 

17 

18 

19 

21 

mam  ....... 

24* 

25 

26 

28 

£w  •  •  •  •  «  •  •  » 

wV«  •  V •  •  •  •  ■ 

81 


Jan. 


4,00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.30 
4.90 
9.20 
7.00 
6.40 
9.80 
7.10 
6.40 
5.00 
5.70 
5.70 
6.50 
6.00 
5.70 
5.40 
5.30 


Feb. 


6.30 
5.10 
6.10 
5.10 
6.00 
4.90 
4.90 
4.90 
4.90 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.90 
4.90 
4.90 
4.00 
5.00 
5.00 
4.00 
4.90 
4.90 
6.10 
5.10 
6.10 
5.50 
6.50 


Mar. 


5.80 
6.10 
5.30 
5.30 
6.30 
5.80 
6.20 
5.30 
5.40 
5.50 
5.70 
6.90 
6.00 
6.00 
6.90 
5.80 
5.80 
6.00 
6.00 
6.30 
6.40 
0.40 
6.70 
6.90 
8.80 
8.00 
7.20 
6.60 
6.00 
5.  SO 
5.00 


Apr. 


5.00 
5.  to 
6.90 
6.40 
5.60 
6.00 
6.50 
7.00 
7.60 
8.00 
7.00 
6.40 
6.90 
7.50 
7.10 
6.00 
6,00 
4.00 
4.50 
5.00 
5.00 
6.00 
5.60 
6.00 
6.60 
8.00 
8.00 
7.50 
6.00 
6.00 


May. 


6.00 
6.00 
6.00 
7.00 
7.00 
8.00 
8.00 
7.00 
6.00 
5.50 
5.50 
5.60 
6.60 
7.00 
7.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
9.00 
10.00 
11.00 
19.00 
19.00 
11.00 
10.00 


Jane. 


i0.40 

10.40 

10.40 

10.40 

10.40 

10.40 

10.40 

10.40 

10.40 

11.40 

11.40 

10.90 

10.70 

10.50 

10.60 

10.80 

10.90 

11.00 

10.70 

10.40 

10.10 

9.90 

9.50 

9.90 

8.90 

8.80 

8.80 

8.80 

8.60 

8.90 


July. 


7.90 
7.60 
8.00 
8.40 
8.70 
8.70 
8.70 
8.70 
8.60 
8.60 
8.60 
8.20 
7.80 
7.80 
7.90 
7.10 
7.00 
6.90 
6.70 
6.50 
6.50 
8.50 
7.60 
7.00 
6.60 
6.  SO 
6.20 
6.00 
6.80 
5.60 
6.60 


Aug. 


6.60 
5.50 
6.50 
5.  SO 
5.90 
5.10 
6.00 
5.00 
4.00 
4.90 
4.90 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.90 
4.90 
5.00 
5.00 
5.00 
4.80 
4.80 
4.70 
4.70 
4.70 
4.60 
4.60 
4.60 
4.50 


Sept. 


4.60 
4.40 
4.40 
4.40 
4.40 
4.50 
4.50 
4.60 
4.50 
4.60 
4.60 
4.40 
4.30 
4.  SO 
4.90 
4.10 
4.10 
4.10 
4.00 
4.00 
4.00 
4.10 
4.90 
4.20 
4.90 
4.10 
4.10 
4.10 
4.00 
4.00 


Oct. 


3.90 
3.90 
S.90 
S.90 
S.90 
S.80 
S.90 
8.60 
S.80 
S.80 
3.80 

s.ao 

S.SO 
S.80 
80 
80 
80 
90 
80 
80 
80 
90 
80 
S.SO 
8.80 
S.90 
4.  SO 
4.30 
4.  SO 
4.  SO 
4.  SO 


3. 
S. 
S. 
S. 
S. 
S. 
3. 
5. 
S. 


Not. 


4.20 
4,90 
4.90 
4.10 
4.10 
4.20 
4.00 
4.00 
4.  SO 
4.60 
4.90 
4.60 
4.50 
4.40 
4.30 
4.  SO 
4.90 
4.10 
4  10 
4.10 
4.10 
4.10 
4.50 
6.00 
5.40 
4.80 
4.60 
4.40 
4.20 
4.90 


Dec. 


4.90 
4.30 
4.50 
4.  SO 
4.90 
4.30 
4.50 
4.50 
4.90 
4.90 
4.90 
4.30 
4.20 

4.eo 

4.50 
4.40 
4.40 
4.40 
4.  SO 
4.20 
4.90 
4.90 
4.20 
4.90 
4.90 
4.90 
4.20 
4.90 
4.90 
4.90 
4.30 


t    Flgnres  in  italics  are  estimated  from  observations  taken  at  Kingsburg,  on  the  same  rirer,  and  ftrom 
other  rod  readings  at  Bed  Mountain. 

Kings  Biver  at  Kingsburg,  California. 


Day. 

Jan. 

Feb. 

Mar. 

t 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

3.70 
8.70 
3.70 
3.70 
3.70 
3.70 
8.70 
3.70 
3.80 
3.80 
3.70 
3.80 
3.70 
3.60 
3.60 
8.50 
3.50 
3.50 
3.50 
3,50 
3.50 
3.50 
3.40 
3.40 
3.40 
8.40 
4.10 
4.30 
4.30 
4.80 

Oct. 

Nov. 

Dec. 

1 

2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.20 
2.20 
8.20 
8.80 
6.40 
8.70 
6.50 
8.00 
7.70 
6.50 
6.20 
5.90 
6.90 
5.80 
6.10 
6.10 
6.80 
5.50 

5. 20  '  4. 10 

4.80 
4.10 
4.00 
3.90 
3.80 
3.30 
3.10 
8.00 
3.00 
6.00 
5.70 
4.60 
4.00 
8.00 
6.10 
4.60 
3.70 
3.10 
3.00 
4.30 
4.20 
4.00 
8.40 
3.80 
5.00 
7.20 
6.60 
5.70 
4.70 
4.80 

4.00 
4.40 
4.80 
5.40 
5.90 
6.50 
5.90 
6.00 
4.60 
4.20 
3.70 
4.00 
4.70 
6.30 
6.20 
6.30 
5.80 
6.20 
6.20 
5.90 
6.20 
6.40 
6.10 
6.60 
7.40 
6.40 
9.30 
10.30 
11.10 
10.20 
9.80 

10.80 
10.80 
9.90 
9.30 
9.30 
9.30 
9.60 
10.30 
10.50 
10.70 
9.90 
10.00 
0.90 
9.60 
0.50 
9.30 
9.80 
9.30 
8.70 
8.40 
8.50 
8.00 
7.70 
7.20 
7.00 
6.80 
6.70 
6.70 
6.70 
6.60 

G.50 
6.00 
6.10 
6.00 
6.70 
7.10 
6.70 
6.50 
6.30 
6.40 
6.70 
6.50 
6.30 
6.10 
5.90 
5.50 
5.50 
5.00 
5.60 
5.00 
4.70 
4.60 
4.30 
6.40 
5.70 
5.40 
4.90 
4.30 
3.90 
3.70 
3.60 

3.50 
3.30 
3.30 
3.30 
3.30 
3.30 
3.20 
3.20 
3.20 
3.20 
3.30 
3.60 
3.80 
3.80 
3.80 
3.70 
3.70 
3.70 
3.80 
3.90 
3.80 
3.80 
3.70 
8.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 

4.40 
4.50 
4.50 
4.50 
4.50 
4.60 
4.60 
4.60 
4.50 
4.50 
4.50 
4.50 
4.60 
4.50 
4.50 
4.50 
4.30 
3.80 
3.30 
3.30 
3.30 
3.30 
3.10 
8.10 
3.00 
8.00 
3.50 
4.00 
4.50 
4.40 
4.40 

4.40 
4.80 
4.30 
4.20 
4.00 
8.80 
3.80 
8.70 
8.70 
3.60 
4.00 
4.90 
4.50 
4.30 
4.00 
8.90 
8.70 
3.50 
3.50 
3.70 
3.70 
8.60 
3.70 
3.60 
4.70 
6.30 
4.70 
4.00 
4.50 
4.40 

4.40 
4.50 
4.50 
4.50 
4.60 
4.50 
4.50 
4.40 
4.30 
4.80 
4.40 
4.50 
4.80 
4.80 
3.50 
8.20 
8.30 
3.70 
4.00 
4.00 
4.10 
4.10 
4.00 
4.00 
8.80 
8.80 
3.90 
4.20 
4.40 
4.80 
4.20 

2 

5.10 
5.00 
4.80 
4.60 
4.60 
4.50 
4.20 
8.80 
8.70 
8.60 
3.50 
3.30 
8.10 
2.80 
2.80 
2.70 
8.00 
8.00 
8.00 
2.90 
2.90 
2.60 
2.40 
2.60 
2.50 
2.50 
2.60 
8.00 

4.30 
5.10 
5.10 
6.10 
4.60 
3.60 
3.10 
2.90 
2.80 
2.90 
3.10 
3.50 
3.60 
3.80 
8.60 
3.20 
8.30 
8.70 
3.70 
4.20 
4.60 
4.50 
6.00 
6.80 
5.50 
8.00 
6.30 
5.80 
5.20 
4.80 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

26 

26 

27 

28 

39 

80 

81 
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Santa  Ana  River  at  Wamupringa,  California. 


D«y. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

1 

14.60 
14.60 
15.00 
15.00 
15.00 
15.00 
14.00 
14.00 
15.50 
16.70 
15.50 
16.30 
16.50 
14.50 
15.50 
15.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.50 
16.50 
16.60 
15.60 
14.00 
15.00 
15.00 
16.60 
15.70 
16.20 

16.20 
16.30 
16.00 
15.50 
16.70 
16.30 
16.70 
15.80 
15.30 
16.30 
15.50 
16.20 
16.50 
15.20 
15.20 
a  16. 20 
13.20 
18.00 
16.00 
14.00 
14.20 
14.30 
1100 
12.20 
12.70 
13.20 
13.20 
14.80 
16.00 
16.00 
14.20 

16.00 
16.20 
16.00 
14.50 
14.50 
12.50 
16.50 
15.50 
15.30 
15.20 
11.00 
11.30 
13.50 
15.00 
15.00 
16.00 
16.50 
16.30 
16.00 
15.50 
14.50 
14.30 
13.50 
13.30 
14.00 
14.70 
13.00 
13.50 
14.00 
15.00 

15.50 
16.50 
15.80 
15.00 
13.70 
13.50 
14.50 
14.50 
14.00 
15.00 
15.50 
15.00 
14.00 
14.00 
14.20 
13.00 
14.00 
14.80 
14.30 
14.30 
12.70 
13.50 
13.30 
13.00 
13.00 
13.  OU 
a  21. 00 
14.00 
14.00 
14.00 
14.00 

12.00 
12.00 
12.00 
12.00 
12.00 
12.00 
11.50 
11.60 
11.50 
11.50 
11.50 
11.70 
11.50 
11.50 
11.50 
11.50 
11.50 
11.50 
11.50 
11.50 
11.70 
11.80 
12.00 
12.00 
14.30 
12.50 
12.50 
12.30 
12.30 
12.30 

12.00 
12.00 
12.80 
12.80 
12.30 
12.30 
18.30 
12.30 
12.30 
12.30 
12.30 
12.30 
12.30 
12.30 
12.30 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.20 
12.20 
12.30 
12.00 
12.00 
13.00 
13.00 
12.70 
12.30 

2 

3 

4 

5 

6 

7 

R 

9 

10 

11 

12 

13 

14 

15 

16      .... 

!  17 ::::::::::::.; :..:. 

19 

21 ..'. 

23 

25 

;    27 

20 

31 

a  On  A.nf^st  10  tbe  dincharge  gates  of  Bear  Valley  Dam  were  temporarily  cIommI  on  account  of  a 
storm,  and  on  October  27  they  were  closed  for  the  season.  Discbarge  of  Santa  Ana  Canal  is  not 
included  in  tbe  above  statement. 

CUKRENT  METERS  RATED  TN   1896. 


No.  16.  Large  Haskell  meter.  Property  of  B.  M.  Hall,  Atlanta,  Ga.  Last  rated  Jnly  14, 1806,  and 
returned  to  B.  M.  Hall  July  17, 1806. 

No.  25.  Small  Haskell  meter.  Returned  to  office  December  12, 1805 ;  rated  Jnly  27, 1896,  by  A.  P. 
Davis  at  the  Kensington  station.  Md. ;  sent  to  Prof.  A.  L.  Lamb,  Port  Deposit.  Md.,  November  12, 1896. 

No.  27.  Small  Haskell  meter.  Rated  June  27. 1896,  by  A.  P.  Davis  at  Ecnsinp:ton  station.  Md. ;  sent 
to  Oskar  Huber,  Spokane,  Wash.,  October  20, 1896. 

No.  63.  Large  Price  electric  meter.  Rated  by  J.  B.  Lippincott  and  C.  C.  Babb  June  18, 1896,  at  rating 
station,  Kern  County,  Cal. ;  transferred  by  J.  B.  Lippincott  tc  C.  C.  Babb  and  used  by  him  during  sum- 
mer of  18fM ;  last  rated  December  10, 1896.  by  C.  C.  Babb  at  Kenfiiugton  station,  Md. 

No.  67.  Large  Price  electric  meter.  Purchased  July  2, 1896;  rated  July  14;  sent  to  W.Richins, 
Arizona,  July  27,1896;  was  damaged  iu  shipment  and  returned  to  this  office  for  repairs  August  26, 
1896 ;  repaired  and  rated  September  25,  at  Kensington,  Md.  Sentto  J.  B.  Lippincott,  Los  Angeles,  Cal. 
Sepember  28, 1896. 

No.  68.  Large  Price  electric  meter.  Purchased  July  2, 1806;  rated  July  28,  at  Kensington  station, 
Md.,  and  used  during  the  season  of  1896  by  £.  G.  Paul. 

So.  09.  Large  Price  electrio  meter.  Purchased  July  20, 1806 ;  rated  July  28, 1896,  by  E.  G.  Paul  at 
Kensington  station,  Md.,  and  sent  August  26, 1806,  to  W.  Kichiiis  for  use  iu  Queon  Creek,  Ariz. 

No.  70.  Large  Price  electric  meter.  Received  December  15,  1896,  to  replace  No.  62,  lar^e  Price  elec- 
tric meter,  which  was  destroyed  by  fire  while  iu  charge  of  a  transportation  company.  Rated  December 
15, 1806,  by  £.  G .  Paul  at  Kensington  sUtion,  Md . 

No.  91 .  Small  Price  electric  meter.  Purchased  November  12, 1896 ;  rated  December  10, 1886,  at  Ken- 
sington station,  Md.,  by  C.  C.  Babb  and  £.  G.  Paul. 
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Bating  tables  made  in  1896  for  current  meters. 


RevolatloiiB 
per  second. 


0.00 

.10.... 

.20.... 

.30.... 

.40.... 

.50.... 

.  60. ... 

.70.... 

.80 

.90.... 
1.00.-... 
1.10.... 
1.20.... 
1.30.... 
1.40.... 
1.50.... 
1.60.... 
1.70.... 
1.80.... 
1.90.... 
2.00..-. 
2.10.... 
2. 20-... 
2.30.... 

2.40 

2.50.... 
2.60.... 
2.70.... 
2.80.... 
2.90.... 
3.00.... 
8.10.... 
3.20.... 
3.30.... 
3.40.... 
8.50.... 
3.60.... 
8.70.... 
3.80.... 
3.90.... 
4.00.... 
4.10.... 
4.20.... 
4.30.... 
4.40.... 
4.50.... 
4.60.... 
4. 70. . . . 
4.80.... 
4.90.... 
5.00.... 


VelooitieB  in  feet  i>er  second. 


No.  16. 


0.27 
.33 
.42 
.49 
.57 
.69 
.80 
.92 
1.04 
1.16 
1.28 
1.40 
1.52 
1.64 
1.76 
1.88 
2.00 
2.12 
2.24 
2.36 
2.48 
2.60 
2,72 
2.84 
2.06 
3.08 
3.20 
3.32 
3.44 
3.56 
3.68 
3.80 
3.92 
4.04 
4.16 
4.28 
4.40 
4.52 
4.64 
4.76 
4.88 
5.00 
5.12 
5.24 
5.36 
5.48 
5.60 
6.72 
5.84 
5.96 
6.08 


No.  25 
H.P. 


0.67 
.78 
.80 
.86 
.93 
1.03 
1.13 
1.23 
1.34 
1.44 
1.55 
1.65 
1.76 
1.85 
1.95 
2.06 
2.15 
2.26 
2.36 
2.48 
2.59 
2.71 
2.83 
2.95 
3.07 
3.19 
3.31 
3.43 
3.55 
3.67 
8.79 
3.91 
4.08 
4.15 
4.26 
4.38 
4.50 
4.62 
4.74 
4.86 
4.98 
5.10 
5.22 
5.84 
5.46 
6.58 
6.70 
6.81 
6.92 
6.04 
6.16 


No.  26 
L.P. 


1.01 
1.12 
1.23 
1.35 
1.46 
1.58 
1.72 
1.87 
2.01 
2.16 
2.33 
2.50 
2.68 
2.86 
3.03 
3.19 
3.36 
3.54 
3.72 
8.90 
4.07 
4.24 
4.42 
4.59 
4.77 
4.95 
6.13 
5.31 
5.49 
5.67 
6.85 
6.02 
6.20 
6.38 
6.56 
6.74 
6.92 
7.09 
7.27 
7.44 
7.61 
7.79 
7.97 
8.14 
8.31 
8.48 
8.67 
8.85 
9.03 


No.  27 
H.P. 


0.63 
.70 
.76 
.82 
.90 
.99 
1.07 
1.16 
1.26 
1.33 
1.42 
1.51 
1.60 
1.69 
1.77 
1.86 
1.97 
2.07 
2.18 
2.29 
2.39 
2.49 
2.60 
2.71 
2.81 
2.92 
3.02 
3.12 
3.23 
3.34 
3.44 
3.56 
3.66 
3.77 
3.88 
3.98 
4.00 
4.19 
4.80 
4.40 
4.51 
4.62 
4.73 
4.83 
4.93 
5.04 
5.14 
5.24 
5.34 
5.45 
6.65 


No.  27 
L.P. 


0.70 
.83 
.96 
1.09 
1.27 
1.44 
.1.61 
1.79 
1.98 
2.19 
2.40 
2.62 
2.83 
3.04 
3.25 
3.46 
3.67 
3.88 
4.09 
4.30 
4.51 
4.72 
4.93 
5.14 
6.35 
5. 56 
5.77 
6.98 
6.18 
6.39 
6.61 
6.82 
7.03 
7.24 
7.45 
7.66 
7.87 
8.08 


No.  63. 


0.40 

.63 

.91 

1.19 

1.47 

1.75 

2.03 

2.31 

2.59 

2.87 

3.15 

3.43 

3.71 

3.99 

4.27 

4.65 

4.83 

5.11 

6.39 

5.67 

5.95 

6.23 

6.51 

6.79 

7.07 

7.35 

7.63 

7.91 

8.19 

8.47 

8.75 

9.03 

9.31 

9.59 

9.87 

10.15 

10.43 

10.71 

10.90 

11.27 

11.55 

11.83 

12.11 

12.39 

12.67 

12.95 

13.23 

13.51 

13.79 

14.07 

14.35 


No.  67. 


0.25 

.45 

.72 

1. 00 

1.30 

1.60 

1.90 

2.19 

2.48 

2.77 

3.06 

8.36 

3.64 

3.93 

4.23 

4.63 

4.82 

5.11 

6.40 

6.70 

6.00 

6.29 

6.58 

6.87 

7.17 

7.47 

7.77 

8.00 

8.36 

8.65 

8.95 

9.24 

9.53 

9.82 

10.11 

10.41 

10.70 

10.99 

11.28 

11.57 

11.87 

12.17 

12.46 

12.76 

13.05 

13.35 


No.  68. 


0.20 
.51 
.81 
1.12 
1.42 
1.73 
2.04 
2.36 
2.67 
2.98 
3.29 
3.50 
3.90 
4.19 
4.48 
4.77 
6.06 
6.86 
6.65 
6.94 
6.23 
6.52 
6.81 
7.10 
7.39 
7.68 
7.97 
8.26 
8.55 
8.85 
9.13 
9.42 
9.71 
10.00 
10.20 
10.59 
10.89 


No.  69. 


0.25 
.63 
.81 
1.09 
1.37 
1.65 
1.93 
2.21 
2.49 
2.77 
3.04 
3.32 
3.60 
3.88 
4.10 
4.44 
4.72 
5.00 
0.28 
5.56 
5.84 
6.12 
6.40 
6.68 
6.96 
7.24 
7.52 
7.80 
8.08 
8.37 
8.65 
8.94 
9.22 
9.51 
9.80 
10.10 


No.  70. 


0.20 

.36 

.65 

.97 

1.26 

1.55 

1.86 

2.14 

2.44 

2.73 

'8.03 

3.33 

3.62 

3.92 

4.22 

4.51 

4.81 

5.11 

5.40 

5.70 

6.00 

6.29 

6.58 

6.88 

7.17 

7.46 

7.76 

8.05 

8.34 

8.63 

8.92 

9.21 

9.50 

9.80 

10.10 

10.39 

10.68 

10.98 

11.28 

11.57 

11.86 


No.  91. 


0.10 
.25 
.51 
.77 
1.03 
1.29 
1.65 
1.81 
2.07 
2.33 
2.50 
2.85 
3.11 
3.37 
3.63 
8.00 
4.16 
4.42 
4.68 
4.94 
5.20 
5.63 
6.07 
6.50 
7.60 
8.80 
10.30 
11.60 


DAra.]  DRAINAGE   AREA.  MEASUREMENTS.  95 


DRATN^AGE  ABEA  MEASUREMENTS.  ^ 

Sqnarv  mllM. 

American  Fork  near  American  Forky  Utah 66 

Animas  Riyer  at  Durango,  Colorado 812 

Arkansas  River,  East  Fork,  near  Leadville,  Colorado 44 

Arkansas  River,  Lake  Fork,  near  Leadville^  Colorado 21 

Arkansas  River,  Tennessee  Fork 44 

Arkansas  River  at  Granite,  Colorado 425 

Arkansas  River  at  Salida  (above  South  Fork) 1, 160 

Arkansas  River  at  Canyon  City,  Colorado 3,060 

Arkansas  River  at  Swallows,  Colorado 4, 300 

Arkansas  River  at  Paeblo.  Colorado 4,600 

Arkansas  River  at  La  Junta,  Colorado  (including  Fountain  Creek  drainage, 

1,011  square  miles) 12,200 

Arkansas  River  at  railroad  bridge  above  Holly,  Colorado  (including  Animas 

River^  7,333  square  miles) 23,500 

Arkansas  River  at  Colorado-Kansas  State  line 24, 600 

Arkansas  River  at  Hutchinson,  Kansas 34, 000 

Bear  Creek  at  Morrison,  Colorado 170 

Bear  River  at  Battle  Creek,  Idaho 4,500 

Bear  River  at  Collinston,  Utah 6,000 

Bear  River  at  8oda  Springs,  Idaho 3,940 

Black  Warrior  River  at  Tuscaloosa,  Alabama 4,900 

BlaoksFork,  3  miles  west  of  Granger,  Wyoming 1,747 

Boise  River  at  Boise^Idaho 2,450 

Boise  River  at  Caldwell,  Idaho 3,360 

Boulder  Creek,  South,  at  South  Boulder  (.'anyon,  near  Marshall,  Colorado. .  125 

Boulder  Creek,  North,  at  Boulder,  Colorado 179 

Boulder  Creek,  near  Boulder,  Colorado 102 

Blue  Ri  ver  in  Kansas 2, 450 

Blue  River  in  Nebraska 7,040 

9,490 

Broad  River  at  Gaifney,  South  Carolina 1, 435 

Broad  River  at  Alston,  South  Carolina 4,609 

Bruneau  River  at  Grand  View,  Idaho 1,800 

Cache  laPoudre  River  above  Fort  Collins,  Colorado 1,060 

Caliente  Creek : 

Tehachapi  Creek 108 

Caliente  Creek  proper 219 

Basin  Creek 96 

423 

Canadian  River  in  Kansas 5, 110 

Canadian  River  in  New  Mexico 16,  900 

Canadian  River  in  Texas 18,620 

40,630 

Cape  Fear  River  at  Fayetteville,  North  Carolina 4, 493 

Carson  River,  east,  at  Rodenbahs,  Nevada 414 

Carson  River,  west,  at  Woodford,  California 70 

Carson  River  near  Empire,  Nevada 894 

Catawba  River  at  Catawba,  South  Carolina 3, 492 

Catawba  River  at  Fort  Mill,  South  Carolina 2,987 

Chama  River  at  Abiquiu,  New  Mexico 2,300 

Chattahoochee  at  Oakdale,  Georgia 1, 560 

Chattahoochee  at  Westpoint,  Georgia 3, 300 

Chowchilla  Creek  above  sec.  1,  T.  9S.,R.  18  E 268 

Ciniarron  at  Arkalou,  Kansas 5, 200 

Clear  Creek,  4  miles  west  of  Buffalo,  Wyoming 118 

Clear  Creek  near  Granite,  Colorado 72 

Colorado  River  in  Arizona ' 56,182 

Colorado  River  in  California 8, 610 

Colorado  River  in  Colorado 5,490 

Colorado  River  in  Nevada 3,200 

Colorado  River  in  New  Mexico 19,000 

Colorado  River  in  Utah 21,633 

114, 115 

*  A  namber  of  the  drainace  areas  not  given  in  this  table  are  to  be  found  on  pages  107  to  110  of  tbe 
Eleventh  Annual  Beport.  Part  II. 
'Thirteenth  Ann.  Kept.,  Part  III,  p.  33;  area  in  square  miles  of  principal  drainage  basins,  by  States. 
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Square  miles. 

Colorado  River  at  Tnina,  Arizona 225,049 

Colombia  River  in  Oregon  1 24,093 

Columbia  River  in  Ida£o> 7,880 

Columbia  River  in  Montana 25, 000 

Columbia  River  in  Washington 26,160 

69,040 

Connecticut  River  at  Hartford,  Connecticut 10,234 

Coosa  River  at  Riverside,  Alabama 6,850 

Coosawattee  River  at  Carters,  Georgia 532 

Cottonwood  Creek,  South  Fork,  near  Buena  Vista,  Coloraiio 28 

Cottou wood  Creek,  Middle  Fork,  near  Buena  Vista,  Colorado 37 

Dan  River  at  Clarksville,  Virginia 3,7f>8 

Dolores  River  at  Dolores,  Colorado 562 

Elkhorn  River  at  Norfolk,  Nebraska 2,474 

Etowah  River  at  Canton,  Georgia 573 

Falls  River,  5  miles  above  mouth,  Idaho 594 

Fort  Tejon  Creek,  including  Cudd  v  Creek  and  Castac  Lake  (upper  basin,  56) .  93 

French  Broad  River  at  Asheville,  (forth  Carolina 987 

Frenchman  River  at  Wauneta,  Nebraska 989 

Frenchman  River  at  Palisade,  Nebraska 1,082 

Gallatin  River  at  Logan,  Montana 1, 620 

Gila  River  at  Buttes,  Arizona 13, 750 

Gila  River,  including  small  lost  basins,  in  Arizona  ^ 56, 838 

Gila  River,  including  small  lost  basins,  in  New  Mexico 14, 300 

71,138 

Goose  Creek,  Big,  at  Sheridan,  Wyoming,  below  mouth  of  Little  Goose  Creek .  320 

Goose  Creek,  Little,  at  Sheridan,  Wyoming 128 

Grand  River  at  Glenwood  Springs,  Colorado 5, 838 

Grand  River  at  Grand  Junction,  above  Gunnison  River,  Colorado 8, 644 

Grand  River  at  Grand  Junction,  below  Gunnison  River  (including,  above 

Uncompabgre,  497  square  *miles,  and  Gunnison,  at  mouth,  7,935  square 

miles) 16,579 

Grand  River  in  Colorado » 22,294 

Grand  River  in  Utah 3,873 

26,167 

Great  Basin  in  California! 47,240 

Great  Basin  in  Idaho 3,420 

Great  Basin  in  Nevada 102,220 

Great  Basin  in  Oregon 18, 950 

Great  Basin  in  Utah 43,548 

Great  Basin  in  Wyoming 1,494 

216, 872 

Green  River  at*Green  River,  Wyoming 7,450 

Green  River  at  Blake,  Utah 38,200 

Green  River  in  Colorado » 10,332 

Green  River  in  Utali 15,916 

Green  River  in  Wyoming 20,977 

— ' 47,225 

Greenbrier  River  at  Alderson,  W^est  Virginia 1, 344 

Greenbrier  River  at  month.  West  Virginia 1,575 

Gunnison  River  at  Grand  Junction,  Colorado 7, 935 

Gunpowder  River  at  Baltimore  Canduit,  Maryland 294 

Henry  Fork,  1  mile  above  month  of  Falls  River,  Idaho 931 

Hiwassee  River  at  Murphv,  North  Carolina 410 

Humboldt  River  at  Elko,  Nevada 2,840 

Humboldt  River  at  Battle  Mountain,  Nevada 7, 800 

Humboldt  River  at  Golcouda,  Nevada 10,780 

Humboldt  River  (including  Grassy  Valley)  at  Oreana,  Nevada 14, 9(57 

Humboldt  River,  South  Fork,  at  Masons  Ranch,  Nevada 536 

James  River,  South,  at  mouth, Virginia 116 

James  River,  North,  at  East  Glasgow,  Virginia 831 

James  River  at  Buchanan,  Virginia 2,058 

James  River  at  Balcony  Falls,  Virginia 3, 027 

Jefferson  River  at  Sappington,  Montana 8,984 

Jefferson  River  at  Three  Forks,  Montana 9, 400 

Jones  Falls  at  Baltimore  Conduit,  Maryland 38 

Kansas  River  at  Lecompton,  Kansas 58, 554 

Kansas  River  at  Lawrence,  Kansas 59, 841 
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Square  inilM. 

Kansas  RiTer  in  Kansas 34,526 

Kannan  River  in  Nebraska 17, 455 

Kansas  River  in  Colorado 9,459 

61  440 

Kaweah  River  above  sec.  3,  T.  18  S.,  R.  27  E.,  California '619 

Kern  River  at  first  point  of  measurement  above  Bakersfield,  California,  in- 
cluding— 

North  Fork 1,115 

South  Fork 1,050 

Lower  Basin 180 

2,345 

Kings  River 1,742 

Laramie  River  above  Woods  Landing,  Wyoming  (in  Colorado,  343) 435 

Laramie  Rivor  at  Uva,  Wyoming  (including  in  Colorado,  428) 3, 179 

Laramie  Rive(  at  mouth  at  Fort  Laramie  (not  including  500  square  miles  of 

lost  drainage  to  James  Lake,  Cooper  Lake,  etc.) : 4,076 

Logan  River  at  Logan,  Utah 218 

Loup  River,  Middle,  at  St.  Paul,  Nebraska 6,849 

Loup  River,  North,  at  St.  Paul,  Nebraska 4,024 

Loup  River  at  Columbus,  Nebraska 13, 542 

Madjson  River  at  Redbluff,  Montana 2,085 

Madison  River  at  Threeforks,  Montana 2, 402 

Malad  River  at  Taponis,  Idaho 2,190 

Malheur  River  at  Vale,  Oregon 9,900 

Medicine  River  at  Kiowa,  Kansas 1,300 

Merced  River  above  Merced  Falls,  California 1,076 

Middle  Creek  near  Bozeman,  Montana 55 

Mississippi  River  at  St.  Paul*,  Minnesota  (Minnesota  River,  16,350) 36, 085 

Missouri  River  at  Townsend,  Montana 14,500 

Missouri  River  at  Canyon  Ferry,  Montana 15,036 

Missouri  River  at  Crais,  Montana..... 17,615 

M  i  ssouri  River  above  Y  ello watone,  in  Montana  ^ 81, 018 

Missouri  River  above  Yellowstone,  in  Wyoming 760 

81,778 

Monocacy  River  at  Frederick,  Maryland 665 

Nantahaiah  River  at  mouth.  North  Carolina 193 

Natches  River  at  North  Yakima,  Washington 1,000 

Neosho  River  at  lola,  Kansas 3,670 

NeuseRiveratSelma,  North  Carolina 1,175 

New  River  at  Greenbrier  River,  West  Virginia 4,523 

New  River  at  Hinton,  West  Virginia 6,600 

New  River  at  Fayette,  West  Virginia 6,200 

North  Platte  River  above  Sweetwater  (including  in  Colorado,  1696) 7, 668 

North  Platte  River  above  Douglas,  Wyoming 14,255 

North  Platte  River  above  Orin  Junction,  Wyoming 14, 828 

North  Platte  River  above  Fort  Laramie,  Wyoming 16, 416 

North  Platte  River  below  Laramie  River,  Wyoming 20, 492 

North  Platte  River  in  Wyoming  and  Colorado 23,643 

North  Platte  Riverat  Camp  Clark, Nebraska 24,225 

North  Platte  River  to  North  Platte,  Nebraska * 28,517 

Ocmulgee  River  at  Macon,  Georgia 2,425 

Oconee  Riverat  Carey,  Georgia 1,346 

Ogden  Riverat  Powder  Mills,  Utah 360 

Ooetenaula  River  at  Resaca,  Georgia 1,527 

Owyhee  River  at  Ontario,  Oregon 9,875 

Patapsco  River  at  Woodstock,  Maryland 251 

Patuxent  River  at  Laurel,  Maryland 137 

Payette  River  at  Payette,  Idaho 3,565 

Piedras  River  at  Arboles,  Colorado 650 

Platte  River  at  North  Platte: 

North  Platte  River 28,517 

South  Platte  River 23,294 

51,811 

Platte  River  at  Columbus,  Nebraska 56,867 

Platte  River,  North  and  South,  in  Colorado^ 22, 230 

Platte  River  in  Nebraska 10,850 

Platte  River  in  Wyoming 24,240 

57,320 

'Ttdrteenth  Ann.  Kept.,  Part  III,  p.  33;  area  in  square  miles  of  principal  drainage  basins,  by  States. 
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SquAie  milM. 

Portnenf  River  at  MoCammon,  Idaho •• 500 

Potomac  RiTeti  North  Branoh,  above  Bloomington,  Maryland 293 

Potomac  River,  North  Branch,  at  Piedmont,  West  Virffinia  (incladinff  Sayase 

Creek,  111) T.  409 

Potomac  Eiver,  North  Branch,  at  Cnmberland,  Maryland  (indading  New 

Creek,  at  month,  at  Keyser,  West  Virginiaj  66) 891 

Potomac  River,  North  Branch,  at  Junction  with  South  Branch  (inolnding  Pat- 
terson Creek  at  Burlington,  below  Biill  Creek,  155,  and  at  mouth,  279) 1, 365 

Potomac  River,  South  Branch,  at  Junction  with  North  Fork  (including  at 

Franklin,  188) 318 

Potomac  River,  South  Branch,  including  North  Fork  (including  North  Fork 

below  Seneca  Creek,  240,  ana  at  moutn,  322) 640 

Potomac  River,  South  Branch,  at  Moorefield,  West  Virginia  (including  Mill 

Creek  at  mouth,  101) 897 

Potomac  River,  South  Branch,  below  Moorefield  (including  South  Fork  at 

Fort  Seybert,  West  Virginia,  155,  and  at  mouth  at  Moorefield,  301) 1, 198 

Potomac  River,  South  Branch,  at  Romney,  West  Virginia 1, 407 

Potomac  River,  South  Branch,  at  United  States  Geological  Survey  station  at 

railway  bridge,  between  Romney  and  Springfield,  West  Virginia 1, 443 

Potomac  River,  South  Branch,  at  mouth 1, 487 

Potomac  River  at  Junction  of  North  and  South  branches 2, 852 

Potomac  River  above  Great  Cacapon  River  (including  Little  Cacapon  River, 

117) 3,388 

Potomac  River  below  Great  Cacapon  River  (including  Great  Cacapon  above 

North  River, 404,and  at  mouth,671) 4,059 

Potomac  River  at  Hancock,  West  Virginia 4,099 

Potomac  River  at  WiUiamsport,  Maryland  (including  Warm  Spring  Creek  at 

mouth,  16;  Conoloway  Creek,  125;  Sleepy  Creek,  146;  Licking  Creek,  195; 

Back  Creek, 288,  and  Conocheagne  Creek, 579) 5,666 

Potomac  River  at  Harpers  Ferry,  West  Virginia  (inolnding  Opeqnon  Creek, 

886;  Antietam  Creek, 305) 6,854 

Potomac  River  below  Harpers  Ferry,  West  Virginia  (including  Shenandoah 

River,  8,009) 9,J«63 

Potomac  River  at  Weverton,  Maryland 9,397 

Potomac  River  at  Point  of  Rocks,  Mary  land 9,654 

Potomac  River  at  Edwards  Ferry,  below  Goose  Creek  (including  Monocacy 

River  at  mouth,  941,  and  Goose  Creek,  384) 11,100 

Potomac  River  at  Great  Falls,  Marvland  (including  Seneca  Creek,  132) 11, 427 

Potomac  River  at  Chain  Bridge^  District  of  Columbia 11, 646 

Pressor  Creek  at  Boca,  California 55 

Prove  River  at  Prove,  Utah 640 

Purgatoire  River  at  Trinidad,  Colorado 742 

Purgatoire  River  at  Las  Animas,  Colorado 8,040 

Red  Rock  Creek  at  Redrock,  Montana 1,330 

Republican  River,  North  Fork,  at  Haigler,  Nebraska 1, 390 

Republican  River  at  Superior,  Nebraska 22,347 

Republican  River  at  Junction  City,  Kansas 25,887 

Republican  River  in  Colorado 7,926 

Republican  River  in  Nebraska 10,415 

Republican  River  in  Kansas 7,496 

26,837 

Rio  Grande  at  Del  Norte, Colorado..... 1,400 

Rio  Grande  at  Embudo,  New  Mexico 7,000 

Rio  Grande  at  Rio  Grande,  New  Mexico 11,260 

Rio  Grande  at  El  Paso,  Texas 30,000 

Rio  Grandein  Colorado^ 7,627 

Rio  Grande  in  New  Mexico  (including  Pecos  River) 72, 380 

Rio  Grande  in  Texas 80,550 

160,467 

Roanoke  River  at  Roanoke,  Virginia 388 

Roanoke  River  at  Clarksville,  Virginia 7,344 

Roanoke  River  at  Neal,  North  Carolina 8,717 

Rock  Creek  at  Battle  Mountain,  Nevada 725 

Rock  Creek,  Little,  at  Palmdale,  California 78 

Sacramento  River  at  Jellys  Ferry.  California 9,134 

Sacramento  River  above  ttedbluff,  California 9,3^ 
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Sqnjvo  milea. 

Saonunento  and  San  Joaqain  rivers  in  California 68,020 

Sacramento  River 665 

63,675 

Salt  River  below  Tonto  Creek,  Arizona 5,756 

Salt  River  in  canyon  20  milee  above  Verde 5,880 

Salt  River  at  Arizona  Dam,  Arizona 12,260 

Saline  River  at  Beverly,  Eanaae 2,730 

Saline  River  at  mouth,  Kansas 8, 311 

Salnda  River  at  Waterloo,  South  Carolina 1,056 

San  Emidio  Creek,  California 54 

San  Gabriel  River  in  canyon  above  Azusa,  California 220 

San  Joaquin  River  above  HamptonviUe,  California 1, 637 

San  Juan  River  at  Arboles,  Colorado .• 1,394 

San  Miffuel  River  at  Seymour,  Colorado 327 

San  Pedro  River  at  Dudleyville,  Arizona 2,870 

Santa  Ana  River  at  Warm  Springs,  Colorado 184 

Savannah  River  below  Rocky  River,  at  Calhoun  Falls,  South  Carolina,  above 

Beaverdam  Creek 2,712 

Savannah  River  above  Augusta,  Georgia 7,294 

Sevier  River  at  Leamington,  Utah 5,595 

Shenandoah  River  TNonh  Fork)  at  Brocks  Gap,  Virffinia 215 

Shenandoah  River  (North  Fork )  at  Mount  Jackison,  Virginia 511 

Shenandoah  River  (North  Fork)  at  Riverton,  Virginia 1, 087 

Shenandoah  River  (South  Fork)  at  Port  Republic,  Virffinia  (including  Mid- 
dle River  to  junction  with  North  River,  863 ;  North  Kiver  to  Junction  with 
Middle  River,  418 ;  to  junction  with  South  River,  804 ;  South  Kiver  to  junc- 
tion with  North  River,  246) . , 1,060 

Shenandoah  River  (South  Fork)  at  Milnes,  Virginia 1,288 

Shenandoah  River  (South  Fork)  at  OveraU,  Virginia ^ li  ^91 

Shenandoah  River  (South  Fork)  at  mouth  at  Riverton,  Virginia 1, 587 

Shenandoah  River  at  Riverton,  Virginia  (including  North  Fork,  1, 037,  and 

South  Fork.  1,587) 2,624 

Shenandoah  River  at  Mill ville,  West  Vinrinia 2,995 

Shenandoah  River  at  mouth  at  Harpers  Ferry,  West  Virginia 3, 009 

Shoshone  River  at  Corbett,  Wyoming 1, 718 

Shoshone  River,  South  Fork,  at  Marquette,  Wyoming 500 

Smoky  Hill  River  at  Ellsworth,  Kansas  (including  in  Colorado  1,533,  in 

Kansas  6,447) 7,980 

Smoky  Hill  River  below  Ellsworth,  exclusive  of  Saline  and  Solomon  rivers.  2, 255 

Smoky  Hill  River  at  mouth  at  Junction  City,  Kansas 20, 428 

Snake  River,  North  Fork,  at  Ferry,  Idaho 931 

Snake  River  at  Idaho  Falls,  Idaho 10,100 

Snake  River  at  Montgomery  Ferry,  Idaho 22,600 

Snake  River  in  Idaho' 73,500 

Snake  River  in  Nevada 5,280 

Snake  River  in  Oregon 17,950 

Snake  River  in  Washington 6,682 

Snake  River  in  Wyoming 6,268 

108, 680 

Solomon  River  at  Beloit,  Kansas 5,539 

Solomon  River  at  mouth,  Kansas 6,882 

South  River  at  Port  Republic,  Virginia 1,050 

South  Platte  River  at  Deansbury.  Colorado 2,600 

South  Platte  River  at  Denver,  Colorado  (including  Bear  Creek  at  Morrison, 

170) 3,840 

South  Platte  River  at  Greeley,  Colorado,  above  mouth  of  Cache  la  Poudre 

River 7,110 

South  Platte  River  below  Greeley,  Colorado 9,575 

South  Platte  River  at  Orchard,  Colorado 12,260 

South  Platte  River  at  mouth  at  North  Platte  River,  Nebraska 23, 294 

Spanish  Fork  near  Spanish  Fork,  Utah 670 

Spokane  River  at  Spokane,  Washington 4,005 

St.  Vrain  Creek  near  Lyons,  ColoracU) 209 

Stanislaus  River  at  Oakdale,  California 1,051 

Staunton  River  at  Clarksville,  Virginia 3,546 

Sun  River  at  Augusta,  Montana 1, 175 
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Sweetwater  River  (Wyoming)  at  month 2,929 

Sweetwater  River  at  Sweetwater  Dam,  California i 186 

Tar  River  at  Tarboro,  North  Carolina 2, 290 

Tejon  Hoose  Creek  at  Tejon  Ranch  House,  Kern  County ,  California 17 

Tennessee  River,  Little,  at  Judson,  North  Carolina 682 

Teton  River  at  Wilford,  Idaho 967 

Thompson  Creek  near  Loveland,  Colorado 305 

Tongue  River  at  Miles,  Montana 3^  875 

Truckee  (Little)  River  at  Boca,  California ^ ^  186 

Truokee  River  at  Boca,  California 887 

Truckee  River  at  Tahoe,  California 650 

Truckee  River  hear  Essex,  Nevada 991 

Truckee  River  near  Laughtons,  Nevada 1,054 

Truckee  River  near  Vista,  Nevada 1, 519 

Tnckaseegee  River  3  miles  above  Bryson,  North  Carolina 609 

Tule  River  above  Portersville,  CallK^rnia 437 

Tuolumne  River  above  Roberts  Ferry,  California,  at  foothills 1, 501 

Tuolumne  River  at  Modesto 1,635 

Twin  Lake  Creek  below  Twinlakes,  Colorado 102 

Umatilla  River  at  Gibbon,  Oregon 353 

Umatilla  River  at  Pendleton,  Oregon 640 

Uncompahgre  River  at  Fort  Crawford^  Colorado 497 

Verde  Kiver  1  mile  above  Salt  River 6,000 

Verdigris  River  at  Independence,  Kansas 3. 067 

Weber  River  at  Uinta,  Utah 1,600 

Weiser  River  at  Weiser,  Idaho 1,670 

West  Gallatin  River  above  Salesville,  Montana 860 

White  River  at  White  River  City,  Colorado 1,773 

Wood  River  at  Hailey,  Idaho 906 

Wood  River,  Little,  at  Taponis,  Idaho 1,270 

Yadkin  River  at  Holtsburg,  North  Carolina 3,399 

Tadkin  River  at  Norwood,  North  Carolina 4,614 

Yakima  River  at  Union  Gap,  Washington  (of  this,  Tiaton,  330) 3, 300 

Yakima  River  at  Kiona,  Washington 5, 230 

Yellowstone  River  at  Horr,  Montana 2, 700 

Yellowstone  River  in  Montana^ 36,312 

Yellowstone  River  in  North  Dakota 250 

Yellowstone  River  in  Wyoming 33,121 

69,683 
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Sixteenth  Annnal  Report  of  tbe  United  States  Geological  Sorvey,  1894-95^  Part  II, 
Papers  of  an  economic  character,  1895,  octavo,  598  pp. 

Contains  •  paper  on  tbe  public  lands  and  tbeir  water  supply,  by  F.  H.  Kewell,  fllnsirated  by 
a  lar^e  map  snowing  the  ralative  extent  and  location  of  tne  vaeantpublic  lands;  also  a  report 
on  tbe  water  resources  of  a  portion  of  the  Great  Plains,  by  Robert  Hay. 

A,  geolofi^cal  reconnoiaeanoe  of  northwestern  Wyoming,  by  George  H.  Eldridge,  1894, 
octavo,  72  pp.  Bulletin  No.  119  of  the  United  States  Geological  Survey;  price, 
10  cents. 

Contains  a  deseription  of  the  geologic  structure  of  portions  of  the  Big  Horn  Range  and  Big 
Horn  Basin,  especially  with  reference  to  the  coal  fields,  and  remarks  upon  the  water  supply  ana 
agiicultural  possibilities. 

Report  of  progress  of  the  division  of  hydrography  for  the  calendar  year  1893-94,  by 
F.  H.  Newell,  1895,  octavo,  176  pp.  Bulletin  No.  131  of  the  United  States 
Geological  Survey ;  price,  15  cents. 

Contains  results  of  stream  measurements  at  rarioas  noints.  mainly  within  the  arid  region, 
and  records  of  wells  in  a  number  of  counties  in  western  JNebraska,  western  Kansas,  and  eastern 
Colorado. 

18IHI. 

Seventeenth  Annual  Report  of  the  United  States  Geological  Survey,  1895-96,  Part  II, 
Economic  geology  and  hydrography,  1896,  octavo,  l64  pp. 

Contains  napers  by  G.  K.  Gilbert  on  tbe  underground  water  of  the  Arkansas  Valley  in  eastern 
Colorado;  Sy  Frank  Leverett  on  the  water  resources  of  Illinois,  and  by  N.  H.  Darton  on  a 
reconnaissance  of  the  artesian  areas  of  a  portion  of  the  Dakotas. 

Artesian-well  prospects  in  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton,  1896, 
octavo,  230  pp.,  19  plates.  Bulletin  No.  138  of  the  United  States  Geological 
Survey ;  price,  30  cents. 

Gives  a  description  of  the  geologic  conditions  of  the  coastal  r^ion  from  Long  Island,  K.  Y., 
to  Georgia,  and  contains  data  relating  to  many  of  the  deep  wells. 

Report  of  progress  of  the  division  of  hydrography  for  the  calendar  year  1895,  by  F. 
H.  Newell,  bydrographer  in  charge,  1896,  octavo,  356  pp.  Bulletin  No.  140  of 
the  United  States  (Geological  Survey ;  price,  25  cents. 

Contains  a  deaoription  of  the  instruments  and  methods  employed  in  measaring  streams  and 
the  reeults  of  hydrographio  investigations  in  various  parte  oi  the  United  States. 

1897. 

Eighteenth  Annual  Report  of  the  United  States  Geological  Survey,  1896-97,  Part  IV, 
Hydrography,  1897,  octavo,  —  pp.    (In  preparation.) 

Contains  a  progress  report  of  stream  measurements  for  the  vear  1806,  by  Arthur  P.  Davis, 
and  four  other  papers  relating  to  hydrographv.  The  firnt  of  tneM  is  by  Frank  Leverett,  and 
relates  to  the  wat(.'r  resources  of  Ohio  and  Inaiana,  OHpecially  as  obtainea  by  wells;  tbe  next  is 
bvN.  H.  Darton,  on  the  artesian  waters  of  Sooth  Dakota,  being  Huppleuicntary  to  his  paper  in 
the  Seventeenth  Annual;  following  this  is  a  fully  illuBtrated  paper,  by  Jaiues  D.  Schuyler,  on 
water  storage,  mainly  for  irrigation  and  the  construction  of  dams;  the  last  paper,  by  Robert  T. 
Hill,  describes  the  artesian  conditions  of  a  portion  of  Texas  in  the  vicinity  of  San  Antonio. 

Water  Supply  and  Irrigation  Papers. 

This  series  of  papers  is  designed  to  present  in  pamphlet  form  the  results  of  stream  measure- 
ments and  of  speciaJ  investigations.  A.  list  of  these,  with  other  information,  is  given  on  the 
outside  (or  fourth)  page  of  this  oover. 

Survey  buUetins  can  be  obtained  only  by  prepayment  of  cost,  as  noted  above. 
Postage  stamps,  checks,  and  drafts  can  not  be  accepted.  Money  should  be  trans- 
mitted by  postal  money  order  or  express  order,  made  payable  to  the  Director  of  the 
United  States  Geological  Survey.  Correspondence  relating  to  the  publications  of 
the  Survey  should  be  addressed  to  The  Direotor,  tJnited  States  Geological  Survey, 
Washington,  D.  C 
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WATER-STJPPIiY  ANT)  IKRIGATION  PAPERS. 

1.  Pnroping  water  for  irrigation,  by  Herbert  M.  Wilson,  1896. 

2.  Irrigation  near  Phoenix,  Arizona,  by  Arthur  P.  Davis,  1897. 

3.  Sewage  irrigation,  l)y  George  W.  Rafter,  1897. 

4.  A  reconnoissance  in  sontheastem  Washington,  by  Israel  C.  Russell,  1897. 

5.  Irrigation  practice  on  the  Great  Plains,  by  £.  B.  Cowglll,  1897. 

6.  Underground  waters  of  sonthwcst-ern  Kansas,  by  Erasmus  Haworth,  1897 

7.  Seepage  waters  of  northern  Utah,  by  Samuel  Fortier. 

8.  Windmills  for  irrigation,  by  £.  C.  Murphy. 

9.  Irrigation  near  Greeley,  Colorado,  by  David  Boyd. 

10.  Irrigation  in  Mesilla  Valley,  New  Mexico,  by  F.  C.  Barker. 

11.  River  heights  for  1896,  by  Arthur  P.  Davis. 
In  preparation: 

12.  Water  resources  of  southeastern  Nebraska,  by  Nelson  Horatio  Darton. 

13.  Water  resources  of  the  Devils  Lake  region.  North  Dakota,  by  Earle  J.  Baboock. 

li.  Irrigation  in  the  upper  portion  of  San  Joaquin  Valley,  by  C.  E.  Grunsky. 
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LETTER   OF  TRANSMITTAL. 


Depabtmrnt  op  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 

Washington,  June  H,  1897. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  prepared 
by  Mr.  N.  H.  Darton,  assistant  geologist  of  this  Survey,  relating  to 
the  underground  or  well  waters  of  a  portion  of  the  State  of  Nebraska. 
The  facts  given  are  the  results  of  field  work  in  this  State  during  the 
season  of  1896.  Beginning  in  the  vicinity  of  Lincoln,  Nebraska,  Mr. 
Darton  not  only  made  a  detailed  examination  pf  the  surface  geology, 
but  carried  on  a  careful  search  for  all  wells,  both  shallow  and  deep. 
As  far  as  possible,  information  was  obtained  concerning  the  depth  of 
the  wells,  the  character  of  the  strata  penetrated,  and  the  volume 
and  quality  of  the  water  supply.  This  work  was  conducted  westward 
to  the  vicinity  of  Lexington.  In  this  work  Mr.  Darton  was  assisted 
by  Mr.  Joseph  E.  Macfarland,  a  young  man  whose  untimely  death  at 
the  end  of  the  field  season  deprived  the  Survey  of  the  services  of  one 
of  its  most  promising  and  enei^etic  junior  geologists. 

To  a  discussion  of  the  geologic  formations  and  their  water  contents 
Mr.  Darton  has  appended  a  statement  as  to  the  possibility  of  obtain- 
ing artesian  water,  adding  such  facts  as  were  procurable  concerning 
the  utilization  of  the  available  water  supply  in  irrigation.  In  this 
particular  area  agriculture  is  not  regarded  as  dependent,  to  any  con- 
siderable extent,  upon  the  artificial  application  of  water,  but  the  exam- 
ples cited  show  that  in  many  localities  irrigation  on  a  small  scale  can 
be  employed  with  profit.  It  is  proposed  during  the  coming  field  sea- 
son to  extend  this  investigation  westward  into  the  areas  where  the 
necessity  for  irrigation  has  long  been  recognized  and  where  water 
supplies  have  a  still  greater  value.  The  field  work  is  confined  largely 
to  the  areas  of  which  topographic  maps  have  been  prepared,  as  with- 
out such  maps  studies  of  underground  waters  are  necessarily  vague 
and  inconclusive. 

Very  resi)ectfuUy,  F.  H.  Newell, 

Hydrographer  in  Charge. 

Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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UNDERGROUND  WATERS  OF  A  PORTTON  OF  SOUTH- 
EASTERN NEBRASKA. 


By  Nelson  Horatio  Darton. 


INTRODUCTION. 

This  report  relates  to  underground  waters  in  Lancaster,  Seward, 
northern  Saline,  York,  Fillmore,  Hamilton,  Clay,  Hall,  Adams,  Buf- 
falo, Kearney,  Phelps,  northern  Gosper,  and  eastern  and  central 
Dawson  counties,  an  area  of  about  6,700  square  miles.  ^  It  is  the 
result  of  observations  made  with  the  assistance  of  Messrs.  J.  E.  Mac- 
farland  and  C.  A.  Fisher  in  the  summer  and  autumn  of  1896.  It 
deals  mainly  with  waters  occurring  at  moderate  depths,  but  also 
briefly  reviews  the  probabilities  of  obtaining  water  suppUes  from 
deeper-seated  sources. 

The  region  is  one  in  which  the  average  annual  rainfall  is  not  suffi- 
cient to  insure  full  crops  every  season,  even  in  the  eastern  part  of 
the  area,  where  the  rainfall  is  considerably  greater  than  in  the  west- 
em  counties.  Fortunately,  very  nearly  all  of  this  region  is  underlain 
by  water-bearing  deposits,  which  in  most  districts  yield  good  supplies 
of  water  to  pump  wells.  The  depth  to  this  water  varies  from  less  than 
10  feet  in  the  valley  of  Platte  River  to  somewhat  over  300  feet  in  the 
higher  plateau  areas  of  Dawson  and  Gosper  counties  and  in  a  few 
instances  in  the  high  drift  hills  of  Lancaster  County.  The  supply  is 
also  variable  in  amount,  but  in  most  cases  the  average  windmill  does 
not  lower  its  level.  The  waters  have  been  used  to  some  extent  for 
irrigation,  and  the  results  have  been  entirely  satisfactory,  so  far  as 
the  crops  are  concerned.  In  most  cases  a  single  windmill  has  not 
proved  adequate  to  supply  water  for  the  irrigation  of  over  15  acres, 
under  the  most  favorable  conditions,  and  in  the  deeper  wells,  or 
where  the  water  is  more  scanty  in  supply,  the  limitations  are  greater. 
This  acreage  is,  however,  sufficient  for  the  cultivation  of  a  profitable 
diversified  crop,  large  enough  at  least  to  carry  a  family  over  a  dry 
season.    It  is  not  the  purpose  of  this  report  to  discuss  the  efficacy  of 

*  The  gnater  p«rt  of  this  area  is  covered  by  topographic  atlas  sheets  of  the  Survey,  as  follows: 
Lincain^  York,  Orand  Isiand^  Wood  River^  Kearney^  and  Lexington^  at  which  those  Id  italics  are 
now  ready  for  sale  at  5  cents  each. 
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windmills,  which  it  is  believed  can  be  greatly  increased,  nor  the  pros-     *?«^ 
pects  for  irrigation  in  the  district.     The  location  and  extent  of  the 
underground  water  will  be  set  forth  mainly  by  maps,  which  will  also 
give  information  in  regard  to  the  conditions  of  its  occurrence.  | 

TOPOGRAPHY  OF   THE   DISTRICT. 

i 

The  region  to  which  this  report  relates  lies  on  the  eastern  slope  of 
the  Great  Plains  which  extend  from  the  Rocky  Mountains  toward  the  i^'^i 
Mississippi  River.  It  comprises  several  types  of  land  forms.  The 
greater  part  of  the  area  is  a  smooth  plain,  sloping  gently  eastward 
from  an  altitude  of  2,700  feet  near  the  one  hundredth  meridian  to 
about  1,400  feet  in  the  vicinity  of  the  ninety-seventh  meridian — a 
slope  of  about  7  feet  to  the  mile.  Westward  this  plain  is  widely 
trenched  by  the  broad  valley  of  Platte  River,  which  lies  from  80  : 

to  160  feet  below  the  plains  surface.  There  are  also  other  vAlleys  of 
moderate  width,  of  which  the  largest  are  those  of  the  Big  and  Little 
Blue  rivers  and  their  branches,  South  Fork  of  Loup  River,  Wood 
River,  and  Plum  Creek.  To  the  east,  in  eastern  Seward  and  Lancas-  ^ 
ter  counties,  the  smooth  plains  give  place  to  a  region  of  high  drift 
hills,  deeply  intersected  by  wide  valleys.  Another  characteristic 
feature  of  the  region  is  the  sand-dune  areas,  mainly  along  the  south 
side  of  the  valleys  of  Platte  and  Loup  rivers. 

The  valley  of  Platte  River  is  20  miles  wide  in  Hall  County,  but  it 
narrows  considerably  toward  the  west.  East  of  Kearney,  where  it  is 
also  occupied  by  Wood  River,  a  branch  of  Platte  River,  the  valley  is 
12  miles  wide.  At  Kearney  the  width  rapidly  diminishes  to  8  miles, 
and  this  width  continues  some  miles  westward.  In  Dawson  County 
the  valley  widens  to  15  miles.  The  floor  of  the  valley  of  Platte  River 
is  a  very  smooth  plain,  sloping  gently  toward  the  east.  The  river 
flows  in  channels  but  slightly  depressed  below  the  valley  floor,  and  in 
dry  seasons  the  water  meanders  through  these  channels  in  small  rami- 
fying rivulets,  with  intervening  sand  banks  of  various  sizes.  The  "^^^^ 
character  of  these  sand  banks  is  shown  in  PL  II. 

There  are  some  islands  which  are  submerged  only  in  times  of  high 
water;  the  principal  one,  known  as  Grand  Island,  has  a  lengt.h  of  42 
miles  and  owes  its  isolation  to  a  narrow  channel  which  passes  around 
its  northwestern  side.  The  river  usually  does  not  occupy  the  center 
of  the  valley,  but  has  a  general  disposition  to  hug  its  south  side.  In 
Hamilton  County  the  principal  channel  is  at  the  bottom  of  the  slope 
which  rises  to  the  higher  plain.  East  of  longitude  99°  30'  the  valley 
of  Platte  River  is  depressed  from  80  to  100  feet  below  the  surface 
of  the  adjoining  plains,  but  the  depth  gradually  increases  in  Dawson 
County  to  over  150  feet.  Wood  River  has  a  level-floored  valley, 
which  merges  into  that  of  the  Platte  just  north  of  Kearney.  The 
South  Fork  of  Loup  River  flows  in  a  valley  which  averages  about  a 
mile  in  width  in  the  northern  part  of  Buffalo  County. 
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InSewardjSaline,  York,  Fillmore,  Hamilton,  Clay,  Adams,  Kearney, 
and  eastern  Phelps  coanties  tlie  plains  present  very  broad  areas  of 
smooth  surface,  and  often  extend  uninteimptedly  for  many  miles. 
They  are,  however,  more-or  less  deeply  trenched  by  the  branches  of  Big 
and  Little  Blue  rivers,  and  toward  the  west,  where  the  laud  rises  higher 
above  the  adjoining  valleys,  the  plains  are  very  much  cut  up  by  small 
branch  brooklets,  bo  that  much  of  the  higher  i-egion  of  BtifFalo,  Daw- 
son, and  Gosper  eoanties  consists  of  narrow  ridges,  usually  with  steep 
8lo[>es,  separated  by  numerous  narrow  valleys.  In  Gosper  County 
these  valleys  assume  a  canyon  type,  particularly  along  the  steep 
slope  on  the  south  side  of  the  Platte  Valley  and  in  the  slopes  extend- 
ing southward  toward  the  Republican  Valley. 


7io.  L— Typical MQd dune  wl til  " btovont " la Ita  top. 

In  the  drift-hill  region  of  Lancaster  and  adjoining  counties  another 
type  of  topography  is  presented.  There  are  high,  rolling  hills  in  long, 
irregular  ridges  separated  by  wide,  level-floored  valleys,  of  which  the 
Salt  Creek  Valley  with  its  branches  is  the  most  extensive.  Lincoln  is 
bnilt  at  a  confluence  of  a  number  of  branches  of  Salt  Creek  and  along 
the  adjoining  slopes  of  the  drift  hills.  The  drift  surface  rises  to  an 
altitude  of  about  1,550  feet  in  the  eastern  portion  of  Seward  County, 
but  the  altitude  to  which  the  higher  summits  rise  eastward  gradually 
diminishes  to  from  1,300  to  1,400  feet  in  the  eastern  portion  of  Lan- 
caster County.  The  bottom  of  the  valley  in  which  Lincoln  is  situated 
has  an  altitude  of  about  1,150  feet. 

Areas  of  sand  dunes  are  very  frequent  in  the  Platte  and  Loup  val- 
Jeys  in  Hall,  Buffalo,  Adams,  Kearney,  and  Phelps  counties.  Some 
smaller  areas  also  occur  in  Dawson  County  and  on  the  high  plains 
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and  slopes  about  the  head  waters  of  Little  Blue  River  in  western 
Adams  and  eastern  Kearney  counties.  The  areas  are  characterized 
by  their  irregular,  hummocky  contour  and  loose  sand  surfaces.  Some 
of  the  higher  mounds  rise  100  feet  above  the  adjacent  lowlands  and 
are  conspicuous  features  in  the  landscape.  There  are  many  basins 
among  the  hills  and  meandering  valleys  which  have  no  outlets.  The 
largest  bodies  of  the  sand  extend  for  50  miles  along  the  south  side  of 
the  Platte  Valley  south  of  Kearney,  lying  mainly  against  the  slope 
which  rises  to  the  higher  plains.  There  are  also  extensive  deposits 
south  of  the  South  Fork  of  Loup  River  in  northern  Buffalo  and  Hall 
counties.  The  width  of  the  wider  portions  of  these  sand-dune  belts  is 
about  3  miles.  A  '^blow-out,"  a  characteristic  feature  in  some  of  the 
sand-dune  areas,  is  shown  in  fig.  1  (p.  13.) 

GEOLOGY. 
GENERAL  STRUCTURE. 

Southeastern  Nebraska  is  underlain  by  Carboniferous  and  Creta- 
ceous formations  bearing  a  superficial  mantle  of  Pleistocene  deposits. 
The  older  formations  have  a  gentle  slope  toward  the  west,  and  the 
overlying  deposits  are  in  general  conformable  to  the  eastward  slope 
of  the  land.  In  PI.  IV  is  given  a  cross  section  from  the  Rocky  Moun- 
tains to  the  Missouri  River  at  Omaha,  showing  the  general  structural 
relations. 

East  of  the  longitude  of  Lincoln  the  limestone  and  associated  rocks 
of  the  Carboniferous  formation  reach  the  surface,  and  they  are  fre- 
quently exposed  in  the  valleys  in  the  southeastern  corner  of  the  State. 
Toward  the  west  their  gentle  dip  and  the  rapid  rise  of  the  land  carry 
them  far  beneath  the  surface,  so  that  in  the  vicinity  of  the  ninety- 
ninth  meridian  they  appear  to  lie  at  a  depth  greater  than  3,000 
feet.  Farther  westward  they  may  or  may  not  increase  in  depth,  but 
they  rise  in  approaching  the  Rocky  Mountains  and  outcrop  high  on 
the  slopes  of  these  mountains  in  Colorado  and  Wyoming. 

The  series  of  Cretaceous  formations  which  lie  on  the  Carboniferous 
beds  comprises  the  Dakota  sandstone,  the  Benton  shales,  the  Niobrara 
limestone,  and  the  Pierre  shales.  The  lowest  member,  the  Dakota 
sandstone,  reaches  the  surface,  to  the  eastward,  in  a  zone  which  passes 
near  Lincoln. 

In  the  slopes  of  the  Rocky  Mountains  the  Dakota  sandstone  is 
separated  from  the  Carboniferous  beds  by  the  Juratrias  red  sand- 
stones, sands,  and  clay,  which  probably  extend  for  some  distance 
eastward,  no  doubt  under  the  western  portion  of  Nebraska,  but  they 
do  not  reach  the  surface  in  the  eastern  portion  of  the  State.  A  char- 
acteristic exposure  of  these  beds  on  the  eastern  slope  of  the  Rocky 
Mountains  is  given  in  PI.  V.  Near  the  ninety-seventh  meridian  the 
Dakota  sandstone  passes  under  the  thin  series  of  Benton  shales  and 
Niobrara  limestones,  and  these  in  turn  soon  disappear  beneath  a  mass 
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of  Pierre  shales,  which  sttsin  a  thickness  of  over  3,500  feet  QDder  the 
central  and  western  portion  of  the  State.  The  Carbonlferons  and 
CretaGeone  formationB  in  the  eastern  part  of  the  State  are  heavily 
overlain  by  Pleistocene  deposits,  comprising  a  lai^  mass  of  glacial 
drift  and  a  thick  mantling  of  loess.  West  of  longitude  98^  30'  there 
intervenes  between  the  Pleistocene  deposits  and  the  Cretaceous  forma- 
tions a  series  of  Neocene  deposits,  which  gradually  thicken  toward  the 
west,  and  finally,  rising  above  the  slope  on  which  the  loess  lies,  become 
the  dominant  surface  formations  in  the  western  portion  of  the  State. 
The  glacial  drift  is  a  thick  mass  in  Lancaster  County.  It  thins  rapidly 
toward  Missonri  River  and  westward,  its  attenuated  mai^n  pass- 
ing under  a  thick  sheet  of  loess  in  both  directions.  Toward  the  west 
the  lai^r  mass  of  glacial  drift  presente  an  obscure  morainal  front 
along  the  eastern  side  of  Seward  County,  from  which  a  continuous 
thick  mantle  of  loess  extends  far  westward.  Under  this  loess  mantle 
there  is  a  thin  sheet  of  drift  materials  extending  out  from  the  front 
of  glacial  drift.     West  of  latitude  98°  30'  a  thin  wedge  of  calcareous 
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uid  siliceous  sediments,  of  Neocene  age,  comes  in  between  the  loess 
and  drift  and  the  Pierre  shale  surface,  gradually  thickening  toward 
the  west.  The  loess  mantle  is  widely  trenched  by  the  valley  of  Platte 
River  and  more  or  lees  deeply  excavated  by  the  other  valleys,  which 
are  often  cut  through  to  the  underlying  Pleistocene  and  Neocene 
formations. 

The  loess  has  a  thickness  of  from  60  to  90  feet  in  greater  part. 
Flooring  the  large  depressions  that  traverse  the  region  are  deposits  of 
alluvial  formations,  which  are  of  great  width  along  Platte  Biver.  In 
some  portions  of  the  area  there  are  accumulations  of  diine  sands  of 
greater  or  less  extent,  and  these,  aside  from  sand  banks  in  the  rivers, 
are  the  most  recent  formations  of  the  region. 

THE  FORMATIONS. 

Carboniferous. — Carboniferous  limestones  reach  the  surface  in 
sonthem,  central,  and  eastern  Lancaster  County.  They  consist  of  a 
variety  of  limestone  beds  with  intercalated  shales  and  clays.  The 
principal  exposures  are  in  the  vicinity  of  Roca,  near  Hickman,  and 
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about  Bennett.  At  these  localities  the  rocks  have  been  quarried, 
notably  about  Roca,  where  they  have  furnished  large  amounts  of  fine 
building  stone.  A  columnar  section  of  the  rocks  at  Boca  is  given  in 
^S'  ^  (P*  1^)>  ^hich  comprises  all  the  members  exposed  in  the  quarry 
just  north  of  Roca  station  and  in  the  Warner  quarries  and  depres- 
sions a  mile  north  of  the  village. 

From  the  beds  in  Warner's  quarry  Mr.  Macfarland  collected  the 
following  fossils: 


Enomphalus  rngoBUS. 
Setopora  biserialis? 
Marginif era  splendens. 
Spirifer  cameratus. 
Meekella  striatocostata. 
Seminnla  snbtilita. 
Derbya  crassa. 

Bhombopora  lepidodendroidee. 
Prodnctns  semiretiGTilariB. 


P.  cora. 

P.  nebrascensis. 

OboneteB  flemingi. 

C.  grannlifera. 

Fnsilina  cylindrica. 

Ambocoelia  planoconvexa. 

Orthis  (Bhipidomella)  carbonaria. 

Pngnax  nta. 

Orbiculoida  sp. 


At  Bennett  some  different  members  of  the  formation  are  exposed, 
and  so  far  it  has  not  been  possible  to  ascertain  the  relative  positions 
of  the  rocks  of  the  two  areas.  Probably  in  the  region  between  Boca 
and  Bennett  and  toward  the  south  the  Carboniferous  beds  are  not 
far  beneath  the  surface  in  the  deeper  hollows,  but  they  are  covered  by 
the  general  heavy  drift  mantling.  In  the  deep  borings  at  Lincoln  the 
Carboniferous  beds  were  penetrated  to  a  depth  of  over  1,000  feet. 
They  appear  to  begin  at  a  depth  of  about  269  feet.  The  section  given 
in  fig.  7,  page  29,  illustrates  the  general  succession  of  deposits.^ 

Dakota  sandstone. — In  eastern  Nebraska  the  Carboniferous  forma- 
tions  are  overlain  directly  by  the  Dakota  sandstone,  without  trace  of 
the  Juratrias  deposits  intervening.  At  a  point  a  mile  and  a  half  due 
north  of  Roca  station  the  contact  may  be  seen ;  at  Bennett  the  two 
formations  are  in  immediate  proximity;  and  in  the  wells  at  Lincoln 
the  contact  lies  about  269  feet  beneath  the  surface.  A  finely  exposed 
contact  is  shown  in  PL  VI.  The  contact  line  between  the  Dakota 
sandstone  and  the  Carboniferous  beds  in  eastern  Nebraska  presents 
many  steep  slopes,  indicating  an  irregular  shore  line  against  which 
Dakota  sediments  were  deposited.  The  materials  of  the  Dakota  for- 
mation are  mainly  gray  and  brown  sandstone,  but  there  are  also 
intercalated^  clays  of  various  colors.  Portions  of  the  sandstone  are 
highly  ferruginous,  so  much  so  as  to  be  frequently  mistaken  for  iron 
ore.  The  sandy  character  of  the  formation  is,  however,  prominent 
throughout.  Where  the  amount  of  iron  is  large  the  rock  is  very  apt 
to  have  a  highly  concretionary  structure.  The  coarser  sandy  mem- 
bers are  usually  cross  bedded.  A  characteristic  outcrop  is  shown 
in  PI.  VII.    The  texture  of  the  sandstone  varies  irregularly  from 

^  A  more  detailed  description  of  the  beds  is  given  by  Mr.  B.  P.  Russell  in  the  Sixth  Biennial 
Report  of  the  Commissioner  of  Public  Lands  and  Buildings  to  the  Oovecnor  of  Nebraska,  1888, 
pp.  67-81.   Lincoln,  1888, 
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rock  which  is  quite  firm  to  sand  which  is  hardly  consolidated.  In 
most  cases  the  material  is  a  soft  sandstone  which  can  be  easily  exca- 
vated with  the  pick.  Some  of  the  firmer  beds  contain  fossil  leaves  in 
considerable  abundance. 

In  the  region  covered  by  this  rex)ort  the  exposures  of  Dakota  sand- 
stone are  confined  to  Lancaster  County  and  the  vicinity  of  Pleasant- 
dale  in  eastern  Seward  County.  They  occur  at  intervals  along  the 
sides  of  depressions  of  branches  of  Salt  Creek,  and  at  Bennett  at  the 
head  of  the  Little  Nemaha  River.  They  are  mainly  very  small  and 
quite  widely  scattered,  and  are  due  chiefly  to  the  excavation  of  depres- 
sions which  have  been  cut  through  the  glacial  drift.  Their  location 
is  showi^  in  PL  III  (p.  12).  In  some  cases  belts  of  exposures  mark  the 
presence  of  a  ridge  of  Dakota  sandstone  under  the  drift.  The  most 
extensive  outcrops  occur  at  intervals  along  and  near  the  Burlington  and 
Missouri  River  Railroad  from  Lincoln  nearly  to  Roca,  on  the  western 
slope  of  the  ridge  on  the  east  side  of  Southeast  Salt  Creek.  There  are 
quite  extensive  exposures  about  the  penitentiary  and  in  the  vicinity 
of  the  Chicago,  Rock  Island  and  Pacific  Railroad  crossing.  Just  east 
of  Saltillo  gray  sandstones  appear  halfway  up  the  slope,  and  they  are 
again  exposed  on  the  point  of  the  next  ridge  2  miles  farther  south, 
lying  against  the  Carboniferous  limestone.  The  brown  sandstones 
appear  on  Antelope  Creek  in  the  southeastern  corner  of  Lincoln,  as 
shown  in  PL  VIII,  at  the  ** cave"  in  the  southern  margin  of  the  city, 
and  at  the  crossing  of  the  Chicago,  Rock  Island  and  Pacific  Railroad 
and  Burlington  and  Missouri  River  Railroad,  Nebraska  City  branch. 
Between  Emerald  and  Pleasantdale  the  Dakota  sandstone  rises  as  a 
moderately  high  ridge  under  the  drift  and  is  exposed  in  a  number  of 
railroad  and  stream  cuts.  The  beds  are  extensively  cross  bedded,  and 
in  some  of  the  exi)osures  consist  of  a  highly  ferruginous  sandstone 
with  complex  concretionary  structure.  There  are  several  exposures 
on  both  slopes  of  Haines  Branch  VaUey  and  along  the  hollow  begin- 
ning 2  miles  southwest  of  Rokeby.  They  are  of  the  usual  brown 
sandstone.  At  the  brick  and  tile  works  a  mile  southwest  of  the 
insane  asylum  the  formation  is  represented  by  clays  mainly  of  mottled 
pink,  brown,  and  gray  colors,  with  streaks  of  sand  and  sandstone 
and  a  bed  of  dark-gi'ay  clay  containing  a  large  amount  of  organic 
material.  The  clays  have  been  mined  extensively  at  this  place  for 
brick  and  tile,  for  which  they  appear  well  suited.  They  are  overlain 
by  a  small  amount  of  drift  and  a  considerable  mass  of  fossiliferous 
loess.  Some  of  the  features  of  this  exposure  are  shown  in  Pis.  XIV 
and  XV. 

There  is  another  excavation  in  a  similar  mass  of  clay  in  the  south- 
em  edge  of  West  Lincoln,  just  east  of  the  lake.  The  exposures  of 
Dakota  sandstone  north  of  Lincoln  are  along  Little  Salt  Creek  and 
some  of  its  branches  south  and  southwest  of  Davey,  along  Rock  Ci-eek 
north  of  Waverly,  and  in  depressions  along  the  head  branches  of  Rock 
1KB  12 2 
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Creek  northeast  of  Davey.  In  all  of  these  exposures  there  is  seen 
brown  sandstone,  excepting  in  the  railroad  cut  northeast  of  Davey, 
where  a  mottled  clay  is  exposed.  The  only  exposures  discovered  east 
of  Lincoln  are  in  a  small  branch  of  Stevens  Creek  6^  miles  east 
of  the  Lincoln  post-office,  at  an  old  quarry  in  the  north  side  of 
Stevens  Creek  a  mile  and  half  above  its  mouth,  and  in  the  hollow 
just  north  of  the  railroad  a  mile  west  of  Prairie  Home.  The  expo- 
sure of  the  Dakota  sandstone  just  south  of  Bennett,  at  the  head  of 
the  Little  Nemaha  Biver,  is  very  interesting.  The  formation  con- 
sists of  quite  regular  beds,  from  1  foot  to  2  feet  in  thickness,  of 
beautifully  cross-bedded  sands  hardly  sufficiently  cemented  together 
to  be  classed  as  sandstone.  The  exposure  is  across  a  depression 
from  limestone,  as  shown  in  fig.  3.  The  relations  indicate  that  prob- 
ably there  was  here  a  steep  shore  of  the  limestone  during  the  deposi- 
tion of  the  Dakota  sandstone,  although  possibly  the  two  formations 
are  separated  by  a  fault.  In  Pis.  IX  and  X  there  are  reproduced 
photographs  of  portions  of  the  exposure,  showing  the  cross  bedding 
very  clearly.    In  PL  IX  the  overlying  glacial  drift  is  also  shown. 


Fig.  8.— Cross  section  at  Bennett,  Nebraska;  looking  north. 


The  Dakota  sandstone  has  been  reported  in  many  of  the  wells  in 
Lancast'Cr  County,  and  in  fact  it  is  one  of  the  principal  sources  of 
water  supply  in  the  deeper  wells. 

In  the  boring  made  by  the  State  near  Lincoln  in  1886  the  lower  i>or- 
tion  of  the  Dakota  formation  was  penetrated.  According  to  Mr.  B.  P. 
Russell,^  the  materials  covering  the  Carboniferous  limestone  were  as 
follows: 

Feet. 

0-4    Sandy  loam. 

4-20    Angular  greenish  sand. 

30    -  2^ Coarser  whitish  sand. 

241-48^  Coarse  grayel. 

48i  -  52    Sand,  whitish ,  even  grained,  in  psxt  rounded. 

52    -57    Coarse  gravel. 

57    -74    EHne  yeUow  sand. 

74    -100    Lighter  sand. 

100    -112i Coarser,  dark-yellow  sand;  gravel  and  iron  pebbles. 

112i  -188f White  sand  and  gravel,  with  brine  at  110  feet. 

138f  -135    Yellowish -white  sand. 

135    -147f Yellow  sand;  small  pebbles. 

>  Sixth  BienniAl  Report  of  the  Commiaeloner  of  Publio  Lands  and  Builditigs,  December  1. 1S8B, 
pp.  6&-68.    A  slightly  different  record  is  given  in  the  Fifth  Report,  1886«  p.  19, 
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Feet 

147f  -164 Coarse  yellow  sand  and  gravel. 

l«t-179|  .YeUowsand. 

1791  -195    -.  .White  sand;  gravel. 

106   -d02    Very  coarse  gravel.  )  Containing  brine  35^ ;  strong 

203  -305    Coarse  gravel  and  conglomerates.  S  flow. 

205   -206^ Coarse  conglomerate  with  chalky,  flinty  jpebbles. 

206i-208t Soft  gray  sandstone. 

mt-fiO^ Reddish  clay. 

209(-2l4 Light-drab  clay. 

21H  -244i Fine-grained,  gray,  very  soft  sandstone. 

a44-247i Greenish-drab  clay. 

247i  '267-^ Fine-grained,  reddish,  very  soft  sandstone. 

267^269^ Arenaceous  gray  clay  Ijring  on  chert,  shale,  and  limestone. 

It  is  thought  that  the  top  of  the  Dakota  formation  was  entered  at  a 
depth  of  48i  feet,  but  the  evidence  is  by  no  means  conclusive. 

From  the  data  of  wells  and  outcrops  in  the  Lincoln  region  it  has 
been  possible  to  prepare  a  map  (PL  XX)  with  contour  lines  showing 
the  altitude  of  the  surface  of  the  Dakota  sandstone  under  a  portion 
of  Lancaster  County  and  adjoining  area.  These  lines  are  intended 
to  indicate  the  contour  of  the  sandstone  surface  on  which  the  drift 
deposits  Me.  An  endeavor  has  also  been  made  to  differentiate  the 
valleys  cut  into  the  sandstone  in  areas  from  which  the  drift  has 
been  removed,  as,  for  instance,  along  the  center  of  the  Salt  Creek 
and  Southeast  Salt  Creek  valleys.  A  further  explanation  of  the  rela- 
tions is  shown  by  cross  sections  in  PI.  XXI.  The  Irregularities  of 
contour  are  probably  mainly  due  to  preglacial  erosion,  but  there  is 
some  evidence  that  the  elevated  area  about  Pleasantdale  is  due  in 
part  to  an  upward  arching  of  the  beds. 

In  PI.  XYII  the  depth  of  the  Dakota  sandstone  below  the  surface 
is  shown  for  each  50  feet,  as  a  guide  to  the  contained  water  supply. 

Benton  and  Niobrara  formaticms. — ^^Fhe  Benton  formation,  in  its 
typical  development,  consists  of  dark  shale  lying  conformably  on  the 
surface  of  the  Dakota  sandstone.  Owing  to  the  heavy  drift  and  loess 
covers  in  the  region  in  which  the  Benton  f  oimation  should  be  expected 
to  reach  the  surface,  only  one  exposure  of  that  formation  has  been 
found.  This  is  in  the  bed  of  Big  Blue  River  just  below  Milford, 
where  a  few  inches  of  black  shales  of  supposed  Benton  age  are  to  be 
seen  under  the  Niobrara  beds.  As  it  was  not  possible  to  obtain 
evidence  as  to  the  depth  at  which  the  Dakota  sandstone  lies  in  this 
vicinity,  no  definite  statement  can  be  made  of  the  thickness  of  the 
Benton  deposits,  but  it  is  thought  they  will  prove  to  be  less  than  100 
feet  thick.  The  boring  at  Seward,  of  which  a  record  is  shown  in 
^g.  8,  page  31,  found  100  feet  of  dark  clay  lying  between  "sand  and 
gravel"  and  the  top  of  the  supposed  Dakota  beds.  If  the  "sand 
and  gravel"  are  drillings  from  Niobrara  beds,  which  is  probable,  the 
underlying  clay  would  be  Benton.  The  probable  location  of  the  east- 
em  margin  of  the  formation  is  shown  in  PL  XX. 
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The  Niobrara  formation  is  represented  by  impure  siliceous  lime- 
stones, which  outcrop  at  a  number  of  points  in  the  eastern  and  south- 
em  part  of  Seward  and  Saline  counties.  The  beds  are  usually  thin, 
but  owing  to  their  hardness  and  the  ease  with  which  they  can  be 
quarried,  they  have  been  employed  to  some  extent  for  foundation  and 
other  rough  work.  There  are  some  quarries  near  Pleasant  Hill,  along 
the  w^est  side  of  the  North  Fork  of  Turkey  Creek,  on  the  east  bank 
of  Big  Blue  River  4  miles  north  of  Crete,  and  in  the  upper  portion  of 
the  valley  of  Middle  Oak  Creek,  northeast  of  Germantown.  The  for- 
mation is  also  exposed  for  some  distance  along  Beaver  Creek  near  the 
southern  margin  of  Seward  County,  and  along  Big  Blue  River  just 
below  Milford,  notably  in  a  small  branch  just  south  of  the  Soldiers' 
Home  at  Milford,  as  shown  in  PL  XI;  and  it  is  said  to  appear  in  the 
bed  of  Big  Blue  River  in  the  vicinity  of  Camden. 

The  rock  is  characterized  by  impressions  of  the  fossil  oyster  known 
as  Inoceramu3  labiatiLS  and  possibly  some  other  species.  In  some  of 
the  beds,  also,  we  may  expect  to  find  the  characteristic  fossil  Ostrea 
congesta.  The  general  aspect  of  these  fossils  is  shown  in  the  two  fig- 
ures on  PL  XII.  These  fossils  are  here  figured  because  it  is  very 
important  to  be  able  to  distinguish  them  from  the  Carboniferous  fos- 
sils in  the  limestone  which  underlies  the  Dakota  sandstone.  Their 
occurrence  is  a  guide  to  the  progress  of  a  deep  boring  west  of  longi- 
tude 97°,  for  the  water-bearing  Dakota  beds  may  be  expected  in  regu- 
lar order  below.  The  thickness  of  the  Niobrara  formation  can  not  be 
definitely  state<l,  as  none  of  the  exposures  were  complete,  and  we  have 
no  well  records  which  are  sufficiently  definite  to  afford  a  basis  for  pre- 
cise estimation.  It  is  believed,  however,  that  the  formation  will  not 
prove  to  be  over  40  or  50  feet  in  thickness,  and  probably  it  is  consid- 
erably less. 

Pierre  shales. — ^This  formation  consists  of  a  great  mass  of  shales, 
predominantly  dark  gray  in  color,  which  thicken  rapidly  westward 
under  central  and  western  Nebraska.  Owing  to  the  heavy  mantle  of 
loess  and  drift,  and,  to  the  west,  of  Neocene  deposits,  there  are  no 
exposures  of  these  shales  at  the  surface.  They  have,  however,  been 
deeply  i)enetrated  by  a  number  of  well  borings.  At  Kearney  it  is 
claimed  that  they  are  over  2,500  feet  thick;  at  Hastings  they  extend 
from  224  feet  to  1,346^  feet;  at  Dannebrog  they  extend  from  135  feet  to 
1,011  feet,  and  at  York  they  were  penetrated  for  several  hundred  feet. 
It  is  probable  that  the  thickness  is  4,000  feet  under  the  western  por- 
tion of  the  State,  as  shown  in  PL  IV,  but  the  actual  amount  is  not 
known.  The  shales  contain  occasional  thin  beds  of  sand,  iron  pyrites, 
and  heavy  dark  clay. 

Neocene  formations. — The  representatives  of  the  Neocene  forma- 
tions which  are  so  prominent  in  the  western  portions  of  Nebraska  are 
found  underlying  the  Pleistocene  deposits  in  the  central  portion  of 
the  State,  where  their  thickness  gradually  decreases  until  finally  they 
thin  out  entirely. 
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The  materials  consist  of  siliceous  and  calcareous  sediments,  mainly 
of  a  sandy  texture  and  chalky  aspect.  They  are  often  called  "mag- 
nesia." Portions  of  the  beds  are  light-colored,  very  sandy  clays  con- 
taining chalk-like  nodules.  The  eastern  margin  of  these  deposits  has 
not  been  definitely  located  in  the  area  to  which  this  report  relates. 
South  of  the  South  Fork  of  Loup  River  there  is  no  evidence  of  their 
existence  east  of  longitude  98°  30',  but  north  of  that  river  they  may 
extend  somewhat  farther  east.  They  are  exposed  in  depressions 
northeast  of  Kearney,  and  from  thence  westward  in  Buffalo,  Dawson, 
Phelps,  and  Go8i)er  counties,  where  many  of  the  deeper  canyons  cut 
into  them.  Owing  to  the  manner  in  which  the  loess  rolls  down  or 
caves  along  the  slopes  of  the  wider  depressions,  exposures  are  rela- 
tively rare,  and  so  far  it  has  not  proved  practicable  to  map  the  Neo- 
cene formations  very  satisf aetorily,  owing  to  their  being  thus  concealed 
for  long  intervals  in  depressions  in  which  they  might  otherwise  be 
exi)ected  to  outcrop.  To  the  west  the  exposures  increase  in  abund- 
ance and  a  greater  thickness  of  the  formation  is  exposed.  The  most 
extensive  exposures  in  the  area  to  which  this  report  relates  are  along 
the  upper  portions  of  Plum  Creek. 

Earlier  Pleistocene  deposits. — These  deposits  comprise  a  mass  of 
glacial  drift  in  Lancaster  and  eastern  Seward  counties,  and  a  thin 
sheet  of  gravelly  sand,  which  extends  far  westward  under  the  loess 
mantle  of  the  plains  region,  and  appears  to  be  contemporaneous  with 
the  glacial  drift.  The  glacial  drift  constitutes  a  very  irregular  mass 
of  bowlder  clays,  sands,  gravels,  and  bowlder  beds,  covering  the  greater 
part  of  Lancaster  County.  It  constitutes  high  hills,  which  are  trav- 
ersed by  the  deep,  wide  valleys  of  Salt  Creek  and  its  branches  in  the 
region  about  Lincoln.  The  glacial  drift  ends  toward  the  west  in  the 
slope  which  descends  quite  steeply  to  Big  Blue  River  from  Seward 
southward.  Its  precise  western  limit  could  not  be  definitely  deter- 
mined owing  to  the  overlapping  of  loess  and  the  frequent  lack  of  dis- 
tinctive outcrops.  The  greater  portion  of  the  glacial  drift  consists  of 
blue  and  gra^r  bowlder  clays.  There  are  also  beds  of  blue  and  gi'ay 
clay  nearly  pure  or  containing  a  little  mixture  of  fine  sand,  but  scat- 
tered bowlders  of  pebbles  occur  almost  everywhere  through  it.  There 
are  included  sand  beds,  ordinarily  containing  bowlders,  but  locally 
quite  free  from  them,  and  numerous  lenses  of  bowlder  beds,  consisting 
mainly  of  bowlders.  The  pink  Sioux  quartzite,  often  in  very  large 
masses,  is  a  conspicuous  feature  of  the  drift,  but  there  are  many  other 
rocks  associated.  Wide  areas  of  clay  surface  with  only  a  few  scat- 
tered bowlders  occur,  and  other  areas  of  light-colored  sandy  clays, 
particularly  on  the  higher,  level  lands,  which  appear  to  be  loess  merg- 
ing into  the  glacial  drift.  A  characteristic  bowldery  surface  is  shown 
in  PL  XIIL 

No  order  of  succession  has  yet  been  determined  for  the  glacial 
deposits.     Instructive  exposures  are  very  rare,  and  well  records  liave 
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thrown  but  little  light  on  the  I'elations.  In  fig.  4  is  given  a  sketch  of 
some  features  exposed  on  the  Chicago,  Rock  Island  and  Pacific  Rail- 
road cut  near  Prairie  Home,  in  Lancaster  County. 

The  central  mass  is  an  oxidized,  ferruginous  clay  of  brownish-buff 
color,  with  scattered  x>ebbleR  and  soft  calcareous  concretions.  The 
overlying  sheet  of  bowlders  contains  many  masses  of  pink  Sioux 
quartzite,  mainly  angular,  with  some  fragments  of  other  crystalline 
rocks.  This  is  overlain  by  pinkish  sandy  clay,  with  a  few  pebbles, 
mostly  of  small  size.  On  the  top  is  a  mantle  of  pale-buff  loam,  with 
ferruginous  and  calcareous  concretions  somewhat  like  loess  in  aspect, 
but  more  argillaceous  and  lacking  the  typical  texture. 

The  thin  drift  sheet  which  extends  far  westward  from  the  glacial- 
drift  margin,  under  the  loess,  underlies  a  wide  area  of  central  Nebraska. 
It  is  usually  a  thin  sheet  of  sandy  clay,  commonly  of  pinkish  color. 
Eastward  it  becomes  more  sandy,  thickens,  and  is  often  represented 
by  coarse  sand.  Pebbles  of  a  great  variety  of  rocks  of  Rocky  Moun- 
tain origin  occur,  both  in  the  pink  sandy  clays  and  in  the  more  sandy 
portions  to  the  east.  These  pebbles  are  characteristic  of  the  dei>o6it 
as  far  westward  as  I  have  traced  it,  which  is  in  the  vicinity  of  Ogal- 


Fto.  4.— Glacial  formations  in  cnt  one-qnarter  mile  west  of  Prairie  Home  station;  looking  nortlt. 

lala.  The  precise  relation  of  this  formation  to  the  glacial  drift  can 
not  be  ascertained  in  the  area  examined,  but  it  appears  to  merge 
into  glacial-drift  deposits  in  eastern  Seward  County. 

The  loess, — The  loess  is  a  great  mantle  of  light  buff-colored  loam, 
which  constitutes  the  surface  of  the  plains  of  south-central  Nebraska 
over  thousands  of  square  miles.  It  abuts  against  and  overlaps  the 
thick  mass  of  glacial  drift  to  the  east  in  eastern  Seward  County,  but 
extends  westward  in  a  vast  tabular  surface.  From  the  eastward 
there  is  a  lower-level  phase  which  extends  up  the  depressions  of  Salt 
Creek  and  Little  Nemaha  River,  but  does  not  reach  an  altitude  much 
above  1,250  feet  in  the  Jiincoln  region.  The  most  extensive  develop- 
ment of  the  formation  is  in  the  wide  plains  west  of  Big  Blue  River, 
where  it  covers  all  of  the  surface  between  the  large  drainage  depres- 
sions. A  wide  trench  is  cut  through  the  formation  by  the  valley  of 
Platte  River,  and  many  smaller  streams  have  cut  through  or  deeply 
into  it. 

In  the  upland  portions  of  Buffalo,  Dawson,  and  6osx>er  counties 
the  surface  is  deeply  invaded  by  numerous  small  valleys,  which 
become  steep-sided  canyons  as  the  land  rises  to  the  west,  particularly 
in  Go8i)er  County. 
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The  materials  of  the  loess  consist  of  fine  sandy  loam,  somewhat 
calcareonSy  and  chiefly  of  a  pale  brownish-yellow  color.  Occasionally 
a  streak  of  sand  is  found,  and  some  portions  are  slightly  more  argil- 
laceous than  usual.  The  material  is  of  remarkably  uniform  texture, 
compact,  but  perfectly  soft.  Water  falling  upon  its  surface  is  absorbed 
in  some  measure,  but  on  steep  slopes  the  material  is  rapidly  excavated 
wherever  a  rivulet  gets  a  fair  start. 

In  the  lower  part  of  the  formation,  x>ossibly  underlying  it  and 
entirely  separate,  are  deposits  of  volcanic  ash,  usually  mixed  with  more 
or  less  fine  sand,  but  often  so  pure  as  to  be  of  brilliant  white  color, 
and  consisting  almost  entirely  of  fine  shreds  of  volcanic  glass.  The 
purer  material  is  very  serviceable  as  a  polishing  powder.  The  occur- 
rence of  this  volcanic-ash  deposit  has  been  reiK)rted  at  two  localities 
within  the  area,  but  owing  to  lack  of  knowledge  as  to  the  conditions 
under  which  it  occurs,  no  description  of  it  will  here  be  offered. 

The  loess  is  generally  fossiliferous,  containing  scattered  fossils  of 
quite  a  variety  of  species,  often  represented  by  numerous  individuals. 
These  fossils  were  found  throughout  the  area  represented  as  loess  in 
PI.  m.  It  also  contains  calcareous  concretions,  especially  toward  the 
east.  An  outcrop  of  loess  in  Salt  Creek  Valley  is  shown  in  PI.  XV. 
AJhwium. — ^The  wider,  deeper  valleys  are  floored  with  alluvial 
deposits  which  have  been  brought  from  greater  or  less  distances  by 
the  streams  now  occupying  these  valleys.  Along  the  smaller  drain- 
age ways  the  materials  are  of  such  local  origin  that  it  has  not  always 
been  possible  to  differentiate  them  satisfactorily,  but  in  the  larger 
valleys  they  are  well-defined  alluvial  accumulations  of  considerable 
thickness.  The  most  notable  deposits  are  those  in  the  wide  valley  of 
Platte  River,  which  has  a  width  of  20  miles  at  Grand  Island,  12  miles 
at  Kearney,  and  15  miles  at  Lexington,  and  is  fioored  to  a  considerable 
depth  with  alluvial  deposits. 

Along  the  South  Fork  of  Loup  River  and  Wood  River  there  are 
also  narrower  alluvial  deposits,  which  are  confiuent  with  those  of  the 
Platte  Valley.  There  are  deposits  also  along  Little  Blue  River,  Big 
Blue  River  and  its  branches,  and  in  the  depression  of  Salt  Creek 
and  its  branches. 

A  large  amount  of  the  alluvial  deposits  consists  of  loess-like  mate- 
rial containing  streaks  of  clay  and  gravel,  but  usually  lacking  the  loess 
texture  and  fossils.  In  the  immediate  vicinity  of  Platte  River,  along 
its  channel  and  islands,  the  deposits  are  mainly  coarse  sands  with 
more  or  less  gravel,  but  there  are  extensive  admixtures  of  loam  and 
some  clay.  In  the  valley  of  Salt  Creek  the  material  is  largely  loess- 
like, but  there  is  also  a  great  deal  of  dark  mud,  and  this  is  in  greater 
X)art  the  characteristic  which  is  presented  along  Big  Blue  River  and 
its  larger  branches. 

Dune  scmds. — The  area  to  which  this  report  relates  lies  southeast 
of  the  great  sand-hill  region  of  Nebraska,  but  it  includes  a  number  of 
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small  local  sand-dune  areas.  The  largest  of  these  extends  along  the 
south  side  of  the  Platte  Valley  from  opposite  Elm  Creek  to  opposite 
Wood  River.  There  are  several  small  dune  areas  along  the  south  side 
of  the  valley  of  the  South  Fork  of  Loup  River  near  Sartoria  and  Pleas- 
anton,  and  the  southern  extremity  of  an  extensive  area  is  found  just 
west  of  Cairo.  There  are  some  small  detached  areas  of  dune  sands 
southwest  of  Kenesaw,  in  Adams  County,  and  south  and  southwest 
of  HolsteJn,  in  the  same  county,  and  in  the  eastern  part  of  Kearney 
County.  These  dune  sands  are  wind  blown  and  derived  mainly  from 
alluvial  deposits  of  the  river  bottom,  which  have  traveled  along  the 
valley  and  accumulated  where  changes  in  the  trend  of  the  valley 
were  favorable  for  stopping  them,  or  where  some  minor  obstructions 
arrested  their  progress.  The  belt  south  of  Kearney  has  a  width  of 
about  5  miles  where  it  is  widest. 

The  sands  lie  on  the  pebbly  or  sand}'  floor  of  the  river  bottom,  but 
are  usually  banked  up  against  the  edge  of  the  loess  upland,  and  in 
some  places  extend  up  onto  the  plains  surfaces.  The  dunes  present 
great  varieties  of  form,  cones,  ridges,  mounds,  and  basins  being  the 
most  general.  Over  mnch  of  the  area  there  is  no  movement  of  the 
sand,  and  the  surface  is  covered  with  sod.  There  are,  however,  many 
bare  places  from  which  the  sand  is  traveling.  In  windy  weather  more 
or  less  sand  is  blown  all  over  the  region,  and  loose  sand  is  mixed 
with  the  soil  of  the  loess  plain  adjoining,  usually  for  some  distance 
from  the  margin  of  the  sand-dune  area.  A  characteristic  sand  dune 
is  portrayed  in  fig.  1,  on  page  13. 

THE  WATER  HORIZONS. 

The  underground  waters  of  southern-central  Nebraska  occur  in 
several  geologic  horizons.  In  the  region  west  of  Big  Blue  River  the 
various  beds  of  coarse  material  lying  between  the  loess  and  the  Pierre 
shales  afford  a  general  water  supply  which  is  of  large  volume  at  nearly 
all  localities.  The  eastern  edge  of  the  Neocene  deposits  and  the 
drift  sands  which  lie  just  below  loess  are  the  principal  reservoirs  of 
these  waters. 

In  the  wide  valley  of  Platte  River  nearly  all  of  the  coarser  materials, 
especially  the  basal  beds  of  the  alluvium  and  the  coarser  portions  of 
the  alluvium  near  the  stream,  are  filled  with  water,  which  is  obtainable 
from  shallow  wells.  Although  in  dry  weather  the  Platte  River  shows 
very  little  water  at  the  surface,  just  below  the  dry  sand  and  shingle 
in  its  bed  there  is  a  sheet  of  water  which  extends  widely  under  the 
alluvial  flat  on  either  side.  These  permeable  alluvial  materials  and 
more  or  less  underlying  coarse  material  of  Neocene  and  Pleistocene 
age  contain  a  large  aggregate  supply  of  water* 

As  the  valley  of  Platte  River  is  somewhat  higher  than  the  adjoining 
valleys  of  the  branches  of  Blue,  Republican,  and  Loup  rivers,  the 
waters  that  lie  in  its  bottom  flow  out  laterally  through  the  coarse  mate- 
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rial  underlying  the  loess  and  issue  as  springs  or  underg^round  seepage 
in  these  deeper  depressions.  In  the  vicinity  of  Grand  Island  the  evi- 
dence is  very  clear  that  the  Platte  waters  peLSS  under  the  loess-covered 
divide  and  emerge  in  the  deep  valleys  of  the  head  waters  of  branches 
of  Big  Blue  River,  which  are  considerably  lower  in  altitude  than  the 
bottom  of  the  Platte  Valley.  There  is  also  underground  leakage  to 
the  north  into  the  depression  containing  the  South  Fork  of  Loup  River. 
This  is  very  clearly  shown  at  Kearney,  where,  in  a  series  of  gage  wells 
sunk  for  the  Division  of  Hydrography,  the  water  level  is  shown  to  grad- 
ually decline  to  the  northwest  a  very  appreciable  amount  within  the 
city  limits  of  Kearney,  as  shown  by  fig.  12,  on  page  40.  The  wells  in 
the  valleys  and  high  lands  northward  show  a  continued  diminution  in 
altitude  of  the  water  surface,  which  indicates  an  underground  flow 
to  the  north.  There  is  excellent  evidence  that  under  Phelps  and 
Kearney  counties  there  is  underflow  from  Platte  River  toward  the 
Republican  Valley.  This  underflow  is  rendered  possible  by  the  per- 
vious nature  of  the  great  sheet  of  materials  which  lies  between  the 
loess  and  the  top  of  the  impervious  Pierre  shales.  These  conditions 
are  illustrated  in  fig.  5. 


v•■•;v^•^^^'>•f;i■;1y;^•i••2w^'^W'^*r^ 

Fio.  5.~IdeaI  Bection  showing  the  nsnal  relationB  of  nndergronnd  waters  in  the  oentral  plains 

region  of  Nebraska. 

The  valley  on  the  left  is  that  of  Platte  River,  and  the  depres- 
sion on  the  right  is  similar  to  the  depressions  of  the  branches  of  Big 
and  Little  Blue,  Republican,  and  Loup  rivers.  The  rate  of  this  under- 
flow is  exceedingly  slow,  for  careful  experiments  have  shown  that 
underground  water  moving  through  sands,  even  if  the  sands  are  rel- 
atively coarse,  does  not  progress  over  a  mile  or  two  a  year. 

As  the  water-bearing  beds  under  the  loess  thicken  westward,  their 
upper  portions  rise  higher  above  the  bottom  of  the  Platte  Valley  in 
western  Dawson  and  Gosper  counties,  and  it  is  usually  found  necessary 
to  go  to  considerable  depth  in  them  to  find  suf&cient  water  supply. 

Some  of  the  exceptional  relations  which  are  often  found  locally  in  the 
region  west  of  the  ninety-eighth  meridian  are  illustrated  in  the  cross 
sections  in  PL  XVIII.  In  section  A  there  is  shown  a  condition  which 
is  quite  frequent  in  Buffalo  and  Dawson  counties.  A  well  at  B  has 
to  go  to  the  general  underfiow  in  the  water-bearing  bed  A  A;  but  at 
C,  at  much  less  depth,  a  local  water  supply  of  greater  or  less  volume 
is  found  in  a  shallow  basin  underlain  by  clay.  In  section  B  a  condi- 
tion is  illustrated  which  is  found  in  some  of  the  shallower  valleys  on 
the  high  loess  plains.     Here  the  underflow  conditions  are  continued 
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under  a  vaJlej  without  iutermption,  and  the  beds  yield  water  to  wells 
at  G  O.  They  are  also  reached  by  wells  at  E  and  F,  but  at  E  a  water 
supply  may  be  obtained  from  the  gravels  flooring  the  valley  bottom.  In 
section  Care  shown  the  relations  of  two  water-bearing  sands  separated 
by  a  bed  of  clay.  In  some  areas  both  horizons  are  drawn  on  for  water, 
and  either  one  may  contain  the  greater  amount.  Ordinarily  the  deep- 
est wells  obtain  the  largest  supplies  of  water,  but  in  other  cases  the 
largest  volumes  are  in  the  upper  bed  of  sand  containing  the  under- 
flow from  the  river  valleys.  A  well  at  H  would  And  abundant  sup- 
plies of  water  in  the  gravels  and  sands  flooring  the  valley. 

Section  D  illustrates  a  relation  which  may  account  for  some  observed 
inequalities  in  the  volume  of  water  in  the  same  bed  of  sand  on  either 
side  of  a  river  valley.  A  well  at  J  would  yield  a  good  supply  of 
water,  but  one  at  K  would  yield  less  because  the  water  escapes  into 
the  river  bottom  on  the  one  side  and  a  local  deposit  of  clay  seals  off 
the  entrance  of  a  continued  underflow  on  the  other  side  of  the  valley 
toward  K. 

Section  E  illustrates  a  change  of  material  from  coarse  to  flne — per- 
vious to  impervious — in  the  same  bed.    Thus,  a  well  at  L  would 


Pio.  d.— Ideal  section  from  the  Platte  Valley  to  and  dofwn  the  TaOey  of  West  Bine  Btver,  to 

show  the  probable  cause  of  the  flow. 

obtain  a  water  supply  from  sands  which  merge  into  clay  toward  M, 
where  the  clay  would  have  to  be  penetrated  to  underlying  sands  at 
greater  depth. 

The  geologic  relations  of  the  water-bearing  stratum  in  the  Beaver 
Crossing  region  are  not  as  yet  fully  ascertained.  The  waters  lie  in 
sands  which  are  overlain  by  a  heavy  bed  of  tough,  impervious  clay, 
but  the  depths  are  so  moderate  that  it  can  hardly  be  thought  that 
these  sands  are  of  the  Dakota  formation.  It  is  much  more  probable 
they  are  in  the  western  extension  of  the  drift  deposits.  The  head  is 
due  to  the  elevation  of  the  intake  area  of  the  waters  westward,  and  it 
is  sustained  locally  through  the  protection  afforded  by  a  wide  extent  of 
the  overlying  mantle  of  tough,  impervious  clay.  In  fig.  6  is  given  an 
ideal  section  to  show  the  probable  relation.  This  should  be  compared 
with  the  section  in  fig.  5  (p.  25),  which  shows  the  usual  conditions  in 
other  areas  where  there  is  no  flow. 

In  Lancaster  and  eastern  Seward  counties  the  principal  supplies  of 
underground  waters  occur  in  the  Dakota  sandstone  and  sands.  In 
the  drift  deposits  waters  are  often  abundant  in  supply  and  satisfac- 
tory in  quality,  but  their  occurrence  is  so  exceedingly  Irregular  that 
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no  definite  idea  could  be  formed  as  to  their  relations.  A  large  num- 
ber of  wells  have  been  sunk  to  the  Dakota  sandstone,  which  is  usually 
so  porous  as  to  yield  an  excellent  water  supply.  In  the  lower  lands 
it  lies  at  very  moderate  depths,  but  in  the  higher  lands  a  deep  boring 
18  often  required  to  reach  it.  On  account  of  the  definiteness  of  this 
water  horizon  it  has  been  made  the  basis  of  wat^er  prediction  in  the 
Lancaster  County  area,  as  shown  on  PL  XVII. 

The  waters  of  the  Carboniferous  limestone  have  been  tested  at  Lin- 
coln, and  found  to  be  highly  saline.  In  a  portion  of  this  area  the 
waters  in  the  Dakot.a  sandstone,  also,  are  quite  saline,  owing,  it  is 
thought,  to  impregnation  from  springs  or  seepage  from  the  underly- 
ing Carboniferous  limestone.  It  is  probable  that  these  springs  existed 
during  the  deposition  of  the  Dakota  formation,  and  have  continued 
in  greater  or  less  volume  since,  for  the  present  superficial  deposits 
of  the  valley  are  highly  impregnated  with  salt. 

In  the  sand  hills,  especially  those  in  northern  Kearney  and  north- 
eastern Phelps  counties,  more  or  less  water  is  often  found  in  the  base 
of  the  sand  accumulations,  especially  where  the  sand  lies  on  a  less 
permeable  portion  of  the  alluvial  deposits.  Quite  a  number  of  shal- 
low weUs  in  the  sand-hill  region  find  a  satisfactory  domestic  supply 
of  water  without  having  to  sink  to  the  underlying  alluvium  or  loess. 

LANCASTER.  COUNTY.     " 

Lancaster  County  lies  within  the  area  of  glacial  drift,  which  is 
underlain  mainly  by  the  Dakota  sandstone.  There  are  also  wide  val- 
leys, mainly  those  of  Salt  Creek  and  its  branches,  filled  with  loess 
and  alluvium.  The  principal  water-bearing  formation  is  the  Dakota 
sandstone,  but  waters  also  occur  among  the  drift  deposits.  The 
waters  in  the  drift  are  of  very  irregular  occurrence,  but  they  furnish 
supplies  for  many  scattered  wells.  As  their  distribution  is  governed 
by  laws  at  present  not  well  understood,  it  is  almost  impossible  to 
make  a  general  statement  regarding  them  which  would  be  of  any  value.. 
In  some  cases,  also,  waters  supposed  to  be  derived  from  the  drift 
may  possibly  accumulate  through  leakage  from  the  underlying  Dakota 
sandstone.  This  sandstone  appears  to  carry  water  supplies  through- 
out the  area  of  Lancaster  County,  excepting  about  Roca  and  along 
the  Little  Nemaha  River,  where  the  limestones  come  to  the  surface,  and 
at  a  few  local  points  where  the  rock  is  less  permeable  than  usual. 
The  surface  of  the  Dakota  sandstone  slopes,  as  a  rule,  gently  eastward, 
although  the  general  dip  of  the  beds  of  the  formation  is  toward  the 
west.  The  contour  of  its  surface  under  the  heavy  drift  mantle  is 
by  no  means  regular,  for  it  presents  numerous  ridges  and  mounds  of 
various  sizes,  separated  by  irregular  depressions,  as  shown  in  Pis. 
XX  and  XXL  The  larger  depressions  of  the  county  have  been  exca- 
vated through  the  drift,  and  in  places  more  or  less  deeply  into  the 
Dakota  formation,  which  gives  further  complexity  to  the  contour  of 
its  surface. 
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As  the  Lancaster  County  region  is  one  of  high  hills  and  ridges,  the 
irregular  surface  of  the  Dakota  sandstone  lies  at  depths  which  vary 
greatly.  These  variations,  however,  are  not  too  irregular  for  repre- 
sentation on  a  map,  and  in  PL  XVII  there  is  shown  the  depth  to  the 
surface  of  the  sandstone  for  each  50  feet  from  50  to  250  feet.  This 
representation  is  based  on  observations  of  the  outcrops,  which  give  a 
fairly  good  idea  as  to  the  surface  configuration  of  the  formation,  and 
on  the  records  of  numerous  wells  which  draw  their  waters  from  it. 
It  will  be  seen  that  the  depths  are  quite  closely  related  to  the  altitude 
of  the  land  above  the  principal  valleys,  and  that  there  is  also  a 
somewhat  general  increase  of  depth  to  the  north  and  northwest.  In 
the  area  in  which  waters  are  shown  to  be  obtainable  at  less  than  50  feet 
below  the  surface  the  supplies  are  derived  mainly  from  the  Dakota 
sandstone,  into  which  the  depressions  are  excavated.  In  many  por- 
tions of  these  depressions  waters  are  available  at  considerably  less  than 
50  feet  below  ground,  but  there  is  great  irregularity  in  this  regard. 

The  water  supplies  for  the  city  of  Lincoln  are  obtained  from  three 
pumping  stations  within  the  city  limits.  The  Rice  well,  at  Twenty- 
fourth  and  N  streets,  has  a  main  well  50  feet  deep  and  40  feet  in  diam- 
eter. In  its  bottom  there  are  seven  wells  6  inches  in  diameter  and  140 
feet  deep,  from  which  the  water  flows  up  into  the  large  well  to  within 
15  feet  of  the  ground  when  the  pumps  are  not  in  operation.  The 
water  is  almost  perfectly  fresh. .  The  supply  is  augmented  by  six 
6-inch  gang  wells,  140  feet  deep,  situated  150  feet  south  of  the  main 
well.  The  total  product  is  stated  to  be  200,000  gallons  a  day.  At 
the  Park  well,  on  F  street  near  Sixth,  there  is  a  50-foot  well  75  feet  in 
diameter.  It  contains  three  6-inch  tubular  wells  40  feet  deep.  The 
water,  which  is  somewhat  salty,  rises  to  within  10  feet  of  the  ground, 
and  the  supply  is  200,000  gallons  a  day.  At  South  and  Seventh 
streets  there  is  a  supplemental  plant,  from  which  the  water  is  quite 
salty.  It  consists  of  a  gang  of  24  points,  55  to  58  feet  deep,  4  inches 
in  diameter,  and  yielding  150,000  to  200,000  gallons  a  day.  The 
salinity  of  the  waters  used  by  the  city  of  Lincoln  from  these  three 
plants  increases  gradually  from  east  to  west  toward  the  center  of  the 
salt-marsh  area  which  lies  along  the  western  margin  of  the  city. 
As  the  Dakota  sandstone  contains  abundance  of  fresh  water  to  the 
east  and  north  of  Lincoln  it  seems  quite  unnecessary  that  the  city 
supplies  should  be  in  part  drawn  from  the  salt-basin  area.  Several 
deep  borings  made  in  Lincoln  and  vicinity  obtained  only  salt  waters. 
They  passed  through  the  Dakota  sandstone,  which  furnishes  the 
waters  for  the  shaDower  wells,  far  into  the  Carboniferous  limestones 
and  underlying  formations.  The  record  of  the  well  sunk  by  the  State 
at  the  southern  edge  of  the  Salt  Lake,  now  Burlington  Beach,  is  given  in 
fig.  7.  This  record  was  drawn  mainly  from  the  statements  published  by 
Mr.  B.  P.  Russell,^  the  geologist  who  was  placed  in  charge  of  the  well. 

>  Sixth  Biennial  Report  of  the  Oommisaioner  of  Public  Lands  and  Buildings  to  the  Governor 
of  Nebraska,  December  1, 1B88,  pp.  67-d4. 
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Fio.  T.— Section  of  salt  well  1  mile  weat  of  Llnoolii,  Nebraaku. 
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The  borings  were  deposited  in  the  museum  at  the  State  University, 
in  Lincoln.  So  far  as  can  be  judged,  the  Dakota  sandstone  began  at 
a  depth  of  about  48  feet  and  extended  to  a  depth  of  269  feet  1  inch. 

The  clays  at  208-214  feet,  and  the  sandstone  at  214-244  feet  and 
248-267  feet  appear  to  be  typical  Dakota  beds.  The  principal  flow  of 
water  is  from  a  reddish  sandstone  in  the  Carboniferous  limestone  at 
600  feet.  It  is  very  saline.  A  similar  flow  is  obtained  at  a  depth  of 
570  feet  at  the  sanitarium  in  Lincoln,  and  at  560  feet  in  the  1,050- 
foot  well  in  the  Post-office  Square.  In  the  State  well  another  saline 
flow  was  found  at  828  feet.  The  head  of  the  water  at  the  sanitarium 
is  about  1,210  feet  above  sea  level,  its  pressure  being  15  pounds  to  the 
square  inch. 

SEWARD  COUNTY. 

The  wells  of  Seward  County  draw  their  supplies  from  several 
sources.  In  the  valley  of  West  Blue  River,  in  the  vicinity  of  Beaver 
Crossing,  there  is  a  considerable  area  in  which  artesian  flows  are 
obtained.  In  the  adjoining  plains  region  the  water  is  in  gravels  and 
sands  underlying  the  loess.  In  the  drift  hills  east  of  Blue  River, 
waters  are  found  in  sands  among  the  drift  deposits  and  also  in  the 
underlying  Dakota  sandstone;  and  in  the  valleys  of  Big  Blue  River 
and  some  of  its  branches  there  are  waters  in  the  basal  portions  of  the 
alluvial  beds  and  in  the  underlying  sands  and  gravels  in  which  the 
valleys  have  been  excavated.  In  most  areas  the  supply  of  water  found 
is  very  abundant,  but  at  some  points  in  the  drift  hills  and  about 
Seward  the  volume  is  small,  so  far  as  now  developed. 

The  artesian  area  in  West  Blue  Valley  has  been  extensively  explored 
by  many  wells.  It  begins  about  6  miles  below  Beaver  Crossing  and 
extends  to  the  western  margin  of  the  county  on  Beaver  Creek  and 
some  distance  into  York  County,  up  the  South  Branch  Valley.  Lat- 
erally the  area  of  flow  is  limited  by  the  lower  slopes  in  the  valley. 
About  Beaver  Crossing  the  head  is  sufficient  to  afford  a  flow  to  from 
18  to  23  feet  above  the  bottom  lands.  The  head  gradually  diminishes 
up  and  down  the  valley  as  the  ends  of  the  artesian  area  are  approached. 
The  wells  vary  in  depth  from  90  to  140  feet,  the  shallower  ones  draw- 
ing from  an  upper  stratum  of  water-bearing  beds  known  as  the  "first 
flow."  In  Beaver  Crossing  the  wells  are  mainly  from  102  to  110  feet 
deep.  The  water  is  obtained  from  a  bed  of  sand  which  lies  under  a 
sheet  of  clay  Extending  from  40  to  90  feet.  The  wells  in  this  artesian 
area  are  of  various  sizes,  from  1  inch  to  4  inches  in  diameter.  The 
flows  vary  from  10  to  150  gallons  a  minute.  The  supposed  geologic 
relations  in  this  artesian  area  are  shown  in  fig.  6,  page  26. 

It  is  said  that  fiowing  wells  have  been  obtained  at  Ruby,  and  in 
one  of  the  attempts  to  find  deep-seated  waters  near  Seward.  The 
water  at  Seward  was  found  at  a  depth  of  336  feet,  and,  it  is  claimed, 
flowed  out  of  a  pipe  12  feet  above  ground,  but  only  in  small  volume. 
This  boring  was  four  blocks  east  and  four  blocks  south  of  the  court- 
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penetrated  the  Dakota  sandstone  for  40  feet,  but  f <mnd  it  exceedingly 
hard  and  almost  dry.  This,  however,  appears  to  be  a  very  exceptional 
condition. 

NORTHERN  SALINE  COUNTY. 

Only  the  northern  half  of  this  county  was  included  in  the  area 
examined  in  1896.  It  is  a  region  in  greater  part  of  plains,  traversed 
by  the  North  Fork  of  Turkey  Creek,  and,  near  its  eastern  margin,  by 
Big  Blue  River.  East  of  the  wide  alluvium  and  loess  plain  in  the 
valley  of  this  river  rise  the  slopes  of  the  hiUs  of  glacial  drift  which 
are  so  prominent  in  the  adjoining  county  of  Lancaster.  The  under- 
ground waters  which  supply  the  plains  region  are  found  in  a  sheet  of 
sand  and  gravel  which  underlies  the  loess.  This  water-bearing 
stratum  lies  between  60  and  90  feet  below  ground  over  the  greater 
part  of  the  plains  portion  of  the  county,  and  yields  water  to  a  large 
number  of  wells.  At  Friend  the  water  level  is  90  feet  below  ground. 
At  Dorchester  the  town  well  is  110  feet  deep,  and  the  water  rises  to  1 
within  98  feet  of  the  surface  of  the  ground.  ^ 

Along  the  valley  of  Turkey  Creek  and  Big  Blue  River  water  sup- 
plies of  greater  or  less  amount  are  obtained  at  depths  mainly  of  30 
to  40  feet.     The  shallower  wells  at  Crete  have  a  depth  of  about  40      a^ 
feet,  with  a  water  surface  15  feet  below  ground.     In  deep  wells,        1 
sunk  for  larger  supplies  for  the  city,  a  depth  of  155  feet  is  attained, 
probably  to  the  top  of  the  Dakota  sands.     The  wells  contain  139        ' 
feet  of  water,  the  water  level  being  16  feet  below  ground.     On  the 
slopes  of  the  drift  hills  east  of  Blue  River  the  waters  occur  in  a  very 
irregular  manner.    Many  of  the  wells  are  between  40  and  80  feet  in     _! 
depth,  and  obtain  satisfactory  water  supplies.     Other  wells  have     ^ 
been  sunk  to  depths  of  from  120  to  180  feet,  notably  in  an  area  at  the       j 
head  of  Salt  Creek,  4  miles  southeast  of  Crete. 

The  Dakota  sandstone  underlies  this  county  at  no  great  depth,  and    La 
might  be  expected  to  furnish  water  supplies,  but  few  attempts  have    uh 
yet  been  made  to  reach  the  formation,  as  usually  sufficient  water  for 
local  use  has  been  obtained  in  overlying  deposits.  ^^« 

YORK  COUNTY.  ^^1 

The  greater  part  of  York  County  is  underlain  by  formations  con-  '* 
taining  large  supplies  of  water,  which  are  in  greater  part  available 
for  wells  less  than  100  feet  in  depth.  In  two  small  districts  on  the 
higher  plains  the  depths  to  the  waters  are  slightly  over  100  feet. 
These  are  south  of  McCool  and  on  the  north  side  of  Lincoln  Creek 
north  of  Bradshaw,  where  the  wells  are  from  110  to  140  feet  in  depth, 
and  contain  from  10  to  30  feet  of  water,  bringing  the  water  level  not 
much  more  than  100  feet  below  ground.  ' 

In  the  depressions  of  Blue  River  and  its  branches  and  of  Beaver  !  « 
and  Lincoln  creeks  it  is  only  necessary  to  sink  from  20  to  40  or  50  «it> 
feet  for  abundant  water  supplies,  which  come  from  the  same  water- 
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bearing  beds  as  those  which  lie  at  greater  depth  beneath  the  higher 
lands.     The  greater  number  of  wells  in  York  have  a  depth  of  about 
35  feet  and  contain  12  feet  of  water.     In  the  higher  land  in  the  north- 
em  part  of  the  town  the  waters  lie  about  30  feet  deeper. 
The  following  are  a  few  representative  wells  of  York  County: 

Wells  in  York  County, 


Locality. 

Depth. 

Depth  of 

water  in 

wells. 

McGool 

F^et. 

15-26 

110 

80 

94 

90-106 

100 

F^t. 
2-5 
20 

Lnshton , 

Charleston 

Henderson 

7 

4 

15-20 

Bradsha  w 

Benedict 

Graham 

Waco  town  wells 

120 
102 

30 
8-10 

Waco 

In  the  wide  plain  between  McCool  and  York  the  water  surface  aver- 
ages about  80  feet  below  ground,  but  it  presents  some  slight  variations. 
The  greater  number  of  the  wells  are  from  80  to  100  feet  deep.  At 
Lush  ton  another  bed  of  water-bearing  material  also  occurs,  at  a  depth 
of  65  feet.  On  the  plains  between  Beaver  Creek  and  Turkey  Creek 
the  wells  are  85  feet  deep,  and  contain  15  feet  of  water.  At  Houston 
the  water  does  not  rise  above  the  gravel  in  which  it  is  contained. 

North  of  Lincoln  Creek  the  conditions  are  somewhat  more  variable, 
but  the  greater  number  of  wells  obtain  abundant  supplies  of  water, 
which  rises  to  witliin  80  feet  of  the  surface  of  the  ground.  In  Arbor- 
ville,  which  is  on  relatively  low  land,  the  town  wells  are  35  to  50  feet 
in  depth,  and  the  water  rises  to  within  30  feet  of  the  surface  of  the 
ground.  In  the  adjacent  higher  lands  the  wells  are  from  50  to  100  feet 
in  depth.  At  Waco  the  wat.er  rises  4  to  5  feet  above  the  i)oint  where 
first  reached. 

The  western  extremity  of  the  Beaver  Crossing  artesian  area  extends 
up  the  lowlands  in  the  valley  of  South  Branch  of  Blue  River,  in  the 
extreme  eastern  part,  of  this  county.  There  are  only  a  few  flowing 
wells,  but  they  obtain  a  fair  supply  of  water  from  depths  varying 
from  110  to  134  feet.  Ascending  the  river,  one  finds  the  head  gradu- 
ally decreasing  until  no  flow  is  obtainable;  descending,  an  increased 
head  is  found,  which  at  its  greatest  is  sufficient  to  give  a  flow  at  10 
feet  above  the  level  of  the  bottom  land. 

Some  years  ago  an  attempt  was  made  to  obtain  an  artesian  flow 
just  south  of  York,  at  the  Russian  mill,  where  a  depth  of  590  feet 
IBB  12 3 
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was  attained.  It  is  stated  that  a  flow  was  found  at  a  depth  of  530 
feet,  which  spouted  2  feet  above  the  top  of  a  tube  extending  14  feet 
above  ground;  but  this  statement  could  not  be  authenticated  satis- 
factorily. A  small  flow  was  reported  at  290  (or  390?)  feet.  There 
also  appears  to  be  uncertainty  in  regard  to  the  record  of  the  boring, 
but  according  to  the  most  consistent  Htatement,  there  was  fine-grained 
material  to  93  feet,  sand  and  gravel  from  93  to  100  feet,  shale  from 
199  feet  for  a  considerable  depth,  and  sandstone  at  the  bottom,  in 
which  the  drill  stuck  at  a  depth  of  590  feet.  The  sandstone  may  pos- 
sibly be  the  Dakota  formation. 

A  deep  boring  was  started  at  McCool,  but  it  was  abandoned  at  a 
depth  of  150  feet.  The  following  record  was  furnished  by  Mr.  D.  C. 
Kims,  the  borer: 

Feet. 

0-  80 Loam. 

80 Water. 

30-  70 Sand. 

70-100 Yellow  clay. 

100-107 Soft  white  rock. 

107-118 Bine  Band  and  water. 

118-150 Tongh  bine  clay»  with  a  2-foot  rock  layer. 

FILLMORE   COUNTY. 


In  this  county  the  conditions  are  very  similar  to  those  of  York 
County.  There  are  fewer  deep  valleys,  and  over  the  wide,  level  plains 
area  the  wells  find  abundant  water  supplies,  which  usually  rise  to 
within  from  60  to  90  feet  of  the  surface  of  the  ground.  Some  of  the 
wells  have  gone  deei)er  to  secure  larger  volumes  of  water,  but  the 
level  to  which  the  water  rises  is  nearly  constant  over  the  area.  Some 
representative  wells  are  as  follows: 

• 

Wells  in  FUlmore  County, 


LocaUty. 

Depth. 

Feet. 
30-70 

237 

120 

65-75 

140 

80 

80-100 

40 

96 

85-100 

Depth  of 

water  in 

wells. 

Fairmont _ 

Feet. 

15-20 

157 

35 

12-20 

60 

15 

15^0 

15 

5 

5-10 

Railroad  statins 

Geneva _ 

Sawyer 

Sntton,  city  snpply 

Saron yille,  town  wells 

Strang    , 

Exeter                 . . 

Martland 

Shickley 

U.  8.  QEOLOQICAL  SURVEY 
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SECTIONS  ILLUSTRATING  SOME  SPECIAL  CONDITIONS  AFFECTING  UNDERGROUND  WATERS 

IN  SOUTH-CENTRAL  NEBRASKA. 


BiMW-l  WATEE   HOBIZOMS   IN    HAMILTON   COUNTY.  6b 

A  record  of  the  well  at  the  railroad  station  at  Fairmont  is  giveu  in 
fig.  9. 

Some  tabular  wells  in  the  neighborhood  of  Saronville  are  from  140 
to  150  feet  deep,  with  large  volume  of  water.  At  Exeter  the  water- 
bearing beds  are  exceptionally  near  the  surface  ot  the  ground. 

HAMILTCN   COUNTT. 

This  county  comprises  a  wide  area  of  plains,  it«  northwest  corner 
extending,  however,  part  way  across  Platte  Valley.  It  is  underlain 
by  a  sheet  of  water-bearing  gravels  and  Bands  that  are  exposed  in  the 
deep  valleys  of  several  branches  of  Blue  River  which  traverse  the  cen- 
tral and  eastern  portions  of  the  county.  On  the  plains  surface  lying 
between  theee  valleys  the  water-bearing  stratum  is  covered  with  loess 
to  depths  of  from  50  to  80  feet.  In  the  valley  of  Platte  River  the 
principal  water  supplies  are  in  the  allu- 
vial gravels  and   sands  at  depths  less    "'^'^ 

than  25  feet.  l™ 

In  the  greater  part  of  the  plains  area 

the  water-bearing  beds  lie  from  60  to  90    ""■■** 

feet  below  ground.     In  a  few  small  areas         ''         «~i' '■ 

about  Aurora   and    northwestward  the    ""■"' 

water  level  lies  deeper  than  100  feet,  but,    '*''■'■"" 'V 

so  far  as  ascertained,  good  supplies  are    ibriiirM^Ci ::":::: 
always  obtainable  within  125  feet  of  the    c~~«r.T.i, -»!-«-. 
surface,  the  water  usually  risingto  within    Fiu.».-Beoordo[  deep  wou  at  F»ir 
100  to   110  feet  of  the  surface  of  the 

ground.  At  Aurora  the  principal  wells  have  a  depth  of  110  to  125 
feet,  with  the  water  level  100  feet  below  ground.  About  Bromfield 
(Giltner  post-office)  the  wells  average  from  75  to  95  feet  in  depth  and 
generally  contain  from  6  to  15  feet  of  water.  About  Phillips  the  water 
level  averages  about  90  feet  below  ground.  At  Marquette  the  wells 
vary  in  depth  from  100  to  130  feet.  The  town  well  is  130  feet  deep, 
and  the  water  rises  to  within  97  feet  of  the  surface  of  the  ground.  In 
another  well,  105  feet  deep,  the  water  level  stands  within  99  feet  of  the 
surface.  At  Hampton  wells  average  from  85  to  105  feet  in  depth,  with 
the  water  level  at  about  80  feet  below  ground.  In  the  valley  of  Platte 
River  the  water  level  lies  from  5  to  8  feet  below  ground  in  the  vicinity 
of  the  river  and  for  a  mile  and  a  half  westward,  beyond  which  for  a 
wide  area  the  water  level  seldom  exceeds  a  depth  of  16  or  30  feet 
below  ground.  In  the  depressions  along  the  branches  of  Blue  River 
which  traverse  the  central  and  eastern  portions  of  this  county  there 
are  usually  excellent  water  supplies  to  be  had  within  30  or  iO  feet 
of  the  surface,  and  there  is  considerable  running  water  in  the  stream, 
derived  partly  from  the  ontcrops  of  water-bearing  beds  which  fur- 
nish supplies  of  water  for  the  moderately  deep  wells  on  the  higher 
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CLAY  COUNTY. 

This  county  lies  altogether  on  the  high  plains,  and  wide  areas  of  its 
surface  have  only  a  gentle,  uniform  slope  toward  the  east.  In  the 
northern  portion  of  the  county  there  are  broad  troughs  cut  by  branches 
of  the  South  Branch  of  Blue  River,  and  the  southwestern  comer  of  the 
county  is  crossed  by  the  valley  of  Little  Blue  River.  The  relations 
of  the  underground  waters  are  very  simple,  the  water-bearing  stratum 
consisting  of  gravels  and  sand  lying  beneath  the  loess  and  dipping 
gently  eastward  at  a  rate  very  little  less  than  the  slope  of  the  plains 
surface.  The  water  level  is  about  60  or  70  feet  below  ground  over 
wide  areas,  and  it  is  rarely  necessary  to  sink  a  well  to  a  depth  of 
more  than  120  feet  to  obtain  an  abundant  supply.  A  large  number 
of  wells  have  a  depth  slightly  less  than  100  feet  and  contain  from  10 
to  15  feet  of  water.  In  the  vicinity  of  Inland  and  Trumbull  there  are 
a  few  wells  in  which  the  waters  lie  a  little  deeper  than  100  feet. 

In  the  depressions  of  Little  Blue  and  the  branches  of  Big  Bine 
rivers,  waters  are  obtainable  at  depths  of  20  to  40  feet  in  greater  part. 
At  Fairfield  the  wells  vary  from  80  to  100  feet  in  depth  and  contain 
large  supplies  of  water,  which  rises  about  10  feet  above  the  bottom. 

At  Harvard  the  wells  are  generally  slightly  less  than  100  feet  deep, 
but  a  few  have  gone  somewhat  deeper  to  obtain  larger  volumes  of 
water.  At  Clay  Center  the  wells  average  100  feet  in  depth,  with 
the  water  level  at  about  85  feet  below  gi'ound;  at  Inland,  120  feet, 
with  the  water  level  110  feet;  at  Trumbull,  115  to  120  feet,  with  the 
water  level  110  feet;  at  Glenville,  103  feet,  with  the  water  level  97  feet; 
at  Saronville,  80  feet,  with  the  water  level  65  feet;  at  Sutton,  140  feet, 
with  the  water  level  80  feet.  At  Deweese  the  wells  average  from 
40  to  50  feet  in  depth  and  contain  from  10  to  15  feet  of  water.  At 
Edgar  the  wells  are  88  feet  deep,  with  8  feet  of  water.  At  Ong  the 
wells  average  80  feet  deep,  with  from  1  to  3  feet  of  water. 

HALL  COUNTY. 

The  greater  part  of  this  county  lies  in  the  valley  of  Platte  River. 
In  its  southwestern  comer  there  is  a  level  area  of  plains  country  60 
to  80  feet  higher,  and  in  the  northwestern  comer  an  area  of  plains 
ridges  and  sand  dunes,  with  the  valley  of  the  South  Fork  of  Loup 
River  beyond. 

In  the  wide  valley  of  Platte  River  the  relations  of  the  underground 
waters  are  very  uniform.  The  supplies  are  large  and  the  depth  to  the 
water  surface  is  very  slight.  In  the  immediate  vicinity  of  the  river 
there  is  a  narrow  belt  of  country  in  which  the  water  level  is  less  than 
10  feet  below  ground.  About  Grand  Island  and  westward  it  lies 
from  15  to  20  feet  deep  in  greater  part,  but  in  some  of  the  lower  areas 
it  is  nearer  the  surface  of  the  ground.  In  the  plains  region  about 
Doniphan  and  southwestward  the  waters  lie  between  60  and  100  feet 
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below  ground,  the  depth  increasing  somewhat  in  the  higher  land  west 
of  Hansen.  The  tubular  wells  in  this  vicinity  are  usually  sunk  to  a 
depth  of  130  feet,  but  have  the  same  water  level  as  the  shallower  bor- 
ings. In  the  higher  ridges  southwest  of  Cairo  the  wells  ordinarily 
obtain  satisfactory  water  supplies,  but  have  to  be  sunk  to  a  depth  of 
120  to  140  feet.  At  the  waterworks  in  Grand  Island  there  are  thirty- 
six  2-inch  driven  wells,  54  feet  deep,  in  which  water  rises  to  within 
16  feet  of  the  surface  of  the  ground.  There  are  pumped  from  these 
wells  1,000,000  gallons  per  day.  Moderate  supplies  of  water  are  found 
within  20  feet  of  the  surfa<;e,  but  it  was  necessarj'^  to  go  considerably 
deeper  to  obtain  the  town  supply. 

^  About  Abbott  the  wells  are  from  25  to  40  feet  deep,  with  the  water 
level  at  about  18  feet  below  ground.  At  Cairo  the  wells  on  the 
higher  land  are  60  feet  deep  and  contain  35  feet  of  water. 

In  the  Loup  Valley  the  conditions  are  similar  to  those  in  the  Platte 
Valley  eastward. 

ADAMS  COUNTY. 

The  underflow  from  Platte  River  passes  southeastward  under 
Adams  County  through  sands  and  gravels  which  present  everywhere 
relatively  uniform  relations.  The  waters  are  more  or  less  free  to 
escape  into  the  valley  of  Little  Blue  River,  which  quite  deeply 
trenches  the  plains  region  in  the  southern  portion  of  this  county. 
The  depth  to  the  waters  varies  closely  in  relation  to  the  altitude  of 
the  land,  making  due  allowance,  however,  for  the  uniform  slope  of 
both  the  land  and  the  water-bearing  beds  to  the  east  and  southeast. 

In  the  higher  portion  of  the  plains  separating  the  valley  of  Platte 
River  from  that  of  Little  Blue  River  the  water  level  lies  between  100 
and  125  feet  beneath  the  surface  over  considerable  areas,  as  shown 
in  PI.  XVII.  On  the  less  elevated  areas  adjacent,  the  depths  are  con- 
siderably less — usually  from  60  to  80  feet;  while  in  the  valley  of  Platte 
River,  in  the  extreme  northwestern  comer  of  the  county,  and  in  the 
depressions  of  Little  Blue  River  and  its  branches  to  the  south,  the 
waters  are  very  near  the  surface  of  the  ground.  At  Hastings  a  large 
supply  of  water  for  city  use  is  obtained  from  seven  wells  sunk  to  a 
depth  averaging  140  feet  and  containing  about  20  feet  of  water.  An 
attempt  was  made  to  obtain  water  from  a  deeper  source  (300  feet),  but 
the  120-foot  horizon  was  found  to  be  the  most  serviceable. 

Some  years  ago  a  deep  boring  was  made  at  Hastings  for  oil  or  gas, 
which  has  thrown  some  light  on  the  deeper  underground  geology  of 
the  region.  A  record  published  by  W.  W.  FoUett^  is  here  reproduced 
in  graphic  form  in  fig.  10  (p.  38). 

From  another  authority  it  was  learned  that  the  total  depth  was 
1,346^  feet,  the  lower  370  feet  being  reported  as  '*  soft  shale  limestone, 

>  Report  on  Irrigation,  52d  Cong.,  Ist  sess.,  Senate,  Ex.  Doc.  41,  Part  II,  Washington,  1883, 
PI.  XXV. 
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sand,  and  gravel,  with  seashells  at  1,300  feet."  Hard  limestone  H 
feet  thick  was  reported 
at  775  to   776  feet,  soft 

AJi..i.i.di»icu  limestone  and  shale  from 

776  to  801i  feet,  andiight 
shale  and  lime  rock  from 

shale  waa   stated    to  be 
ci.,.iu,k«M-.,  ~ru^ j^^  j^^  ggP  ^  ^^  j^^ 

an»i^ud.u].(w« and  Boft  from  600  to  775 

'■"-t^' feet. 

snT.te'd..k.w»  At  Juniata  wells  are  of 

somewhat  variable  depth, 
but  they  average  slightly 
less  than  100  feet  and 
contain  about  10  feet  of 
wat«r.  At  Kenesaw,  wells 
from  90  to  115  feet  deep 
have  their  water  level 
at  about  80  feet  below 
ground.  At  Proaser  the 
town  well  has  a  depth  of 

bhau. 115  feet,  with  the  water 

level  112  feet  below 
grotiiid,  slightly  deeper 
than  in  the  adjoining  re- 
gion to  the  north.  At 
Hansen  the  water  level 
lies  about  70  feet  deep. 
At  Roseland  the  wells 
average  from  80  to  105 
feet  in  depth,  with  the 
water  level  about  80  feet 
below  ground.  At  Hol- 
steiQ  the  wellsare  130  feel 
deep,  and  contain  26  feet 

B«^«.--«™,«-«o,«p.-^.j  of  water.    At  Pauline 

wells  vary  from  86  to  105 
feet,  with  the  water  level 
at  from  80  to  90  feet,  de- 

""■"*■ pending  upon  the  prox- 

imitytoLittleBhieRiver. 
At  Ayr  a  fairly  satisfac- 
tory supply  of  water  is 
'   found  at  a  depth  of  30 

,p  borlnB  »t  H«Mw  Nebr-to.        j^^^^  ^j^.^j^  ^^^  ^^^^^  jj j.^,^ 

above  the  bottom  of  the  boring,  and  the  supply  varies  with  the  weather. 
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CarboDlfrrnqg,  etc.,  aiwltfr  <ir1fl. 


n*kofai  onteropa 


Carbontferoos  ontrrops. 


Niobrara  otitcropB. 


MAP  SHOWING  CONTOUR  AND  RELATIONS  OF  SURFACE  OF  DAKOTA  SANDSTONE  IN  THE 

VICINITY  OF  LINCOLN,   NEBRASKA. 

The  heavy  black  lines  indicate  altitudes  above  sea  level  of  the  surface  of  the  Dakota  sandstone.  The  broken  hnes 
indicate  depressions  cut  in  this  surface  smce  the  Glacial  period,  tho  dotted  Wnes  showing  the  original  configuration. 
The  arrows  point  to  tho  direction  of  slope.     Present  drainage  shown  by  broken-and-dotted  Imes. 
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BUFFALO   COUNTY. 

Buffalo  County  comx^rises  portions  of  the  Platte  and  Wood  River 
and  South  Fork  of  Loup  River  valleys,  with  wide  areas  of  intervening 
high  plains.  The  depths  of  the  underground  waters  are  closely  related 
to  the  altitude  of  the  land  above  Platte  River,  the  water-bearing 
strata  sloping  eastward  at  about  the  same  degree  of  inclination  as  the 
slope  of  the  general  surface.  As  the  valley  of  South  Fork  of  Loup 
River  is  somewhat  lower  than  the 
bed  of  Platte  River,  and  there 
are  beds  of  permeable  material 
extending  under  the  high  plains 
from  one  to  the  other,  there  is  a 
sheet  of  water  under  Buffalo 
County  which  is  probably  mov- 
ing toward  the  northeast.  This 
sheet  of  water  furnishes  a  large 
volume  to  many  wells  in  all  parts 
of  the  county.  Immediately 
along  Platte  River  the  wells  are 
very  shallow,  the  water  rising  to 
within  from  5  to  9  feet  of  the 
surface  of  the  ground.  This  area 
of  shallow  wells  widens  consider- 
ably in  the  vicinity  of  Gibl)on, 
and  extends  for  some  miles,  nearly 
to  the  Union  Pacific  Railroad. 
At  Gibbon  the  water  level  is 
within  10  feet  of  the  surface  and 
furnishes  large  supplies  to  wells 
from  25  to  35  feet  in  depth. 

Next  north  of  this  zone  and 
occupying  the  remainder  of  the 
wide  valley  of  Platte  River,  with 
an  extension  up  the  valley  of 
Wood  River,  there  is  a  wide  area 
in  which  the  water  surface  lies 
between  15  and  40  feet  below 
ground,  and  similar  conditions 
exist  along  the  valley  of  the  South  Fork  of  Loup  River.  At  Kear- 
ney the  principal  supplies  of  water  are  obtained  20  feet  below  ground 
in  wells  from  25  to  35  feet  deep  in  greater  part,  the  depth  increasing 
somewhat  and  the  altitude  of  the  water  surface  decreasing  notably 
from  south  to  north  across  the  city. 

At  Odessa  wells  are  20  feet  deep;  at  Elm  Creek  14  feet.  At 
Riverdale,  in  Wood  River  Valley,  wells  102  feet  deep  contain  77  feet 
of  water,  but  other  shallower  wells  in  the  vicinity  have  water  at  the 


Fio.  U.~Map  showing  location  of  gage  wells  at 
Kearney,  Nebraska. 
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same  level.  At  Amherst  the  water  level  is  25  feet  below  ground. 
At  Watertown  the  wells  are  85  feet  deep.  At  Miller  the  town  wells 
are  73^  feet  deep  and  contain  40  feet  of  water.  At  Sartoria  wells  are 
22  feet  deep  and  contain  12  feet  of  water.  At  Pleasanton  they  are  15 
feet  deep.  At  Ravenna  it  is  found  necessary  to  go  to  a  depth  of  60 
feet  for  a  good  flow,  but  the  water  rises  to  within  20  feet  of  the  sur- 
face. Surface  waters  of  relatively  poor  quality  are  found  at  a  depth 
of  30  feet,  which  rise  to  the  same  level. 

Over  the  greater  part  of  the  ridge  south  of  the  South  Fork  of 
the  Loup  River  the  water  surface  is  generally  from  100  to  150  feet 
below  ground  toward  the  valleys.  Along  the  central  ridge  north  of 
Amherst  is  a  tract  in  which  it  is  found  necessary  to  go  somewhat 
deeper,  the  wells  having  a  depth  of  170  to  250  feet,  with  the  water 
level  about  150  feet  below  ground.  In  the  ridge  extending  north- 
west of  Kearney  between  the  Platte  Valley  and  the  valley  of  Wood 
River  the  conditions  are  similar  to  those  in  the  land  north  of  Wood 
River,  and  they  are  the  same  along  the  northern  edge  of  the  county, 
north  of  the  South  Fork  of  Loup  River. 
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Fio.  12.— Profile  of  line  of  wells  along  Central  avenne,  Kearney,  Nebraska. 

OAGE  WELLS  AT  KEARNEY. 

A  series  of  wells  were  sunk  under  the  direction  of  Prof.  O.  V.  P. 
Stout  during  the  spring  of  1896.  These  were  located  in  a  nearly  north- 
south  line,  at  distances  of  about  one-half  mile  from  each  other.  The 
first,  or  No.  1,  is  in  the  sand  hills  2^  miles  south  of  the  bridge  across 
Platte  River  at  Kearney,  on  the  main  road.  Nos.  2,  3,  and  4  are  suc- 
cessively one-half  mile  apart  north  from  No.  1.  No.  5  is  on  the  south 
bank  of  the  river.  There  is  also  near  this  a  gage  rod,  marked  in  the 
table  **S.  R.,"  this  being  the  southerly  gage,  showing  the  height 
of  open  water.  About  the  middle  of  the  bridge  is  a  well,  knovm  as 
"  5a,"  sunk  in  the  low  island,  submerged  at  high  water.  At  the  north 
end  of  the  bridge  is  the  gage  rod  marked  in  the  table  "N.  R.,"  about 
one-half  mile  from  well  No.  6,  on  the  north  side  of  the  river.  This 
well  was  tampered  with  and  subsequently  replaced,  readings  being 
begun  on  August  17.     The  remainin.ir  wells,  Nos.  7,  8,  9,  and  10,  are 
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on  Central  avenue  in  Kearney,  Nos.  9  and  10  being  a  short  distance 
north  of  Midway  Hotel.  The  elevations  of  the  tops  of  the  well  casings, 
as  determined  by  careful  leveling,  and  of  the  zeros  of  the  two  rods, 
are  given  in  the  following  list,  referred  to  the  Union  Pacific  datum: 

Elevdtioii  of  top  of  well  casing ;  ivells  near  Kearney. 


Well. 

EleTation. 

Well. 

Elevation. 

No.l 

No.2_ 

No.3_ 

isro.4 

No.5 

No.S.R.-.- 
No.  5a 

Feet. 
2,157 

2. 148. 96 

2. 145. 97 
2, 143. 01 
2,141.88 
2,187.57 
2, 139. 99 

No.N.  R-... 

No.6. 

No.7 

No.8.- 

No.9 

No.lO 

Feet 
2, 137. 49 
2,139.50 
2, 142. 66 
2, 146..  31 
2, 149. 82 
2, 154. 85 

The  following  table  gives  the  reading  of  distance  of  the  water  sur- 
face below  the  top  of  the  well  casing: 

Distance  of  toater  surface  below  top  of  well  casing;  wells  near  Kearney, 


Date. 

Day. 
19 

1. 

9. 

3. 

7.00 

4. 

5. 

S.B. 

0<i. 

N.R. 

A. 

1.30 

7. 

6.70 

8. 

9. 

lO. 

April .- 

9.90 

3.80 

2.90 

11.50 

17.70 

23.10 

26 
3 

9.j0 
9.10 

6.40 
6.10 

3.80 
3.10 

3.00 
2.90 

6.20 
6.50 

11.00 
11.40 

17.10 
17.60 

22.70 

May... 

23.10 

10 
18 
25 
1 
8 
18 
23 

ao 

9 
16 
12 

16.50 
16.04 
16.25 
16.50 
16.55 
16.43 
16.40 
16.80 
15.30 

9. 40 
0.28 
9.45 
9.05 
9.28 
9.56 
9.60 
9.61 
9.38 
9.85 
8.65 

6.86 
6.45 
6.62 
6.55 
6.62 
6.83 
6.90 
6.70 
6.61 
7.10 
6.36 

3.40 
3.10 
3.38 
2.93 
3.10 
3.36 
3.45 
3.15 
8.18 
3.61 
4.09 

3.00 
2.85 
3.05 
2.82 
8.02 
3.40 
3.60 
3.12 
3.15 
3.72 
2.76 

6.20 
6.55 
6.80 
5.90 
6.01 
5.81 
5.89 
5.68 
5.59 
6.01 
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KEARNEY  COUNTY. 

Kearney  County  extends  from  Platte  River  far  southward  across 
the  divide  between  the  Platte  and  Republican  rivers.  The  greater 
part  of  its  area  is  high,  level  plains,  terminated  northward  by  the 
Platte  Valley  along  a  zone  bordered  by  sand  hills.  Little  Blue  River 
heads  in  the  eastern  part  of  the  county  and  has  cut  a  moderately 
deep  valley  north  of  Norman.  The  underground  waters  lie  in  a  sheet 
of  gravels  and  sand  which  slopes  gently  to  the  east  and  southeast. 
Under  the  higher  land  in  the  central  and  southwestern  portion  of 
the  county  they  lie  from  100  to  156  feet  below  ground.  To  the 
north  and  east  the  depth  diminishes  gradually,  and  in  the  lower 
lands  along  Platte  Valley  they  are  only  a  few  feet  below  ground. 
At  Minden  the  water  level  is  80  feet  below  ground,  but  ordinarily 
wells  are  sunk  40  or  50  feet  into  the  water-bearing  beds. 

As  the  land  rises  to  the  southeast  the  underground  waters  lie  deeper, 
but  as  the  water-bearing  horizon  also  rises  gradually  to  the  west  the 
increase  in  depth  does  not  correspond  precisely  with  the  increased 
altitude  of  the  land.  At  Keene  the  water  level  is  about  105  feet 
below  ground,  and  wells  are  sunk  to  a  depth  of  120  to  160  feet. 
North  of  Wilcox  the  water  level  varies  from  110  to  136  feet  in  a  rather 
irregular  manner;  and  to  the  south,  as  the  land  rises  rapidly  in  the 
southwestern  corner  of  the  county,  the  water  level  is  found  to  be  con- 
siderably over  150  feet  below  ground.  At  Axtel  the  water  level 
closely  approximates  100  feet  below  ground,  being  a  little  less  to 
the  north  and  a  little  more  to  the  south.  At  Norman  the  town 
wells  have  a  depth  of  100  to  125  feet,  with  the  water  level  at  about  95 
feet  below  ground.  About  Hartwell  the  water  level  is  about  65 
feet  deep,  but  is  somewhat  deeper  than  this  in  the  village.  Along 
the  belt  of  sand  hills  the  waters  are  obtained  at  various  depths,  but 
often  fair  supplies  are  yielded  by  moderately  shallow  wells.  On  the 
lower  lands  in  the  Platte  Valley  the  waters  are  rarely  over  45  feet 
below  ground,  the  depth  gradually  decreasing  toward  the  river. 
About  Lowell  the  water  surface  is  from  6  to  9  feet  below  ground;  at 
Newark  it  averages  about  8  feet,  but  wells  ordinarily  are  sunk  8  or 
10  feet  into  the  water-bearing  beds. 

PHELPS  COUNTY. 

The  configuration  and  relations  in  Phelps  County  are  similar  to 
those  of  Kearney  County,  but  the  flat-topped  divide  between  the 
Platte  and  Republican  valleys  is  a  somewhat  more  elevated  ridge. 
Along  the  southern  margin  of  the  county  the  land  slopes  toward 
Republican  River,  and  in  the  southwestern  comer  of  the  county, 
which  was  not  investigated  as  to  its  water  resources,  there  are  deep 
canyons  which  contain  head   waters  of  small  lateral  branches  of 
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Republican  River.  The  underground  waters  lie  in  a  sheet  of  gravel 
and  sand,  which  dips  southeastward,  but  presents  some  local  varia- 
tions in  the  regularity  of  its  inclination.  The  dip  of  the  beds  to  the 
southeast  is  slightly  less  than  the  upward  slope  of  the  land  south- 
westward,  so  that  to  the  north  and  east  the  waters  lie  at  a  less  depth 
than  they  do  farther  west.  In  the  highest  area  of  the  plains,  south- 
west of  Holdrege,  the  water  level  lies  over  200  feet  below  ground. 
The  depth  decreases  regularly  northeastward  to  the  edge  of  the  plains 
south  of  the  valley  of  Platte  River.  In  the  valley  of  Platte  River 
there  is  a  nari-ow  strip  of  land  along  the  river  in  which  the  water 
level  is  less  than  10  feet  below  ground,  but  southward,  through  the 
belt  of  sand  hills  to  the  edge  of  the  valley,  the  waters  lie  mainly 
within  25  feet  of  the  surface  of  the  ground. 

At  Holdrege  the  city  wells  have  a  depth  of  200  feet  and  contain  60 
feet  of  water.  The  water  level  in  the  vicinity  is  very  uniformly  at 
140  to  160  feet  below  ground.  At  Atlanta  it  is  180  feet  below  ground; 
about  Sacramento  it  varies  from  120  to  140  feet;  at  Funk  it  is  125 
feet;  at  Axtel,  100  feet;  and  at  Loomis,  180  to  190  feet. 

DAWSON  COUNTY. 

The  underground  waters  of  Dawson  County  pi*esent  a  wide  range 
of  variation  in  their  depths,  from  very  near  the  surface  in  the  imme- 
diate vicinity  of  Platte  River  to  over  300  feet  in  the  high  lands  in  the 
northwestern  portion  of  the  county. 

The  water  level  corresponds  quite  closely  in  altitude  with  the  bed 
of  Platte  River  and  has  a  similar  gentle  inclination  to  the  east  and 
southeast.  The  exceptional  depth  of  the  waters  in  the  northern  por- 
tion of  the  county  is  therefore  mainly  due  to  the  altitude  of  the  land 
above  the  river,  but  it  is  in  some  measure  increased  by  a  diminished 
quantity  of  water  in  the  upper  beds  of  the  water-bearing  series.  The 
zone  in  which  the  water  surface  is  less  than  10  feet  below  ground  is 
narrow  along  the  south  side  of  Platte  River,  but  extends  to  and 
beyond  the  Union  Pacific  Railroad  at  some  points  east  of  Lexington, 
and  it  is  unusually  wide  in  the  vicinity  of  Cozad.  In  Cozad  an  excel- 
lent supply  of  water  is  obtainable  at  depths  of  6  to  8  feet  below 
ground  in  wells  from  20  to  30  feet  deep.  About  Lexington  the  wat-er 
surface  is  from  21  to  22  feet  below  ground,  and  wells  average  from 
25  to  35  feet  in  depth.  Similar  conditions  prevail  over  a  wide 
belt  extending  northward  to  the  base  of  the  slopes  which  rise  to  the 
t^able-land  lying  between  the  valleys  of  Platte  and  the  South  Fork 
of  Loup  rivers,  the  depths  gradually  increasing  as  the  land  gains  in 
latitude. 

North  from  Cozad,  where  the  bottom  of  the  valley  has  a  relatively 
rapid  rise,  there  is  a  considerable  area  within  the  valley  where  the 
water  surface  is  over  50  feet  below  ground  and  wells  are  between 
100  and  120  feet  deep.     In  the  high  ground  lying  between  the  valleys 
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of  Platte  and  Wood  rivers,  and  again  on  the  north  side  of  the  valley 
of  Wood  River,  the  waters  lie  at  a  depth  below  ground  in  propor- 
tion to  the  increasing  height  of  the  land.  Eastward  in  this  region 
there  are  wells  which  obtain  water  supplies  within  200  feet  of  the 
surface  of  the  ground,  but  westward  the  water  surface  rises  less  rap- 
idly than  the  land  surface,  and  it  is  necessary  to  go  considerably 
deeper  for  water  supplies.  In  this  portion  of  the  county  the  greater 
number  of  wells  are  sunk  in  depressions,  to  avoid  the  necessity  for 
sinking  them  to  the  depth  necessary  on  the  higher  ridges.  Wells  on 
the  higher  lands  are  over  300  feet  deep. 

In  the  valley  of  Wood  River  the  water  surface  lies  from  25  to  35 
feet  below  ground  in  greater  part,  and  yields  satisfactory  supplies 
to  many  wells  of  moderate  depth.  At  Sumner  the  principal  sup- 
plies are  obtained  from  wells  93  feet  deep,  in  which  the  water  surface 
is  25  feet  below  ground. 

In  the  south-central  portion  of  Dawson  County  there  are  abundant 
water  supplies  at  moderate  depth  in  the  valley  of  Platte  River, 
obtained  in  wells  from  25  to  30  feet  deep  near  the  river  and  from  35 
to  45  feet  deep  back  toward  the  foot  of  the  upland.  Southward,  on 
the  top  of  the  table-land,  the  water  surface  lies  from  220  to  250  feet 
below  ground  in  greater  part,  but  there  are  a  few  local  exceptions. 
The  wells  are  mainly  tubular  and  have  depths  of  222  to  285  feet. 

NORTHERN  GOSPER  COUNTY. 

The  greater  part  of  this  region  is  an  elevated  plain,  invaded  from 
the  south  by  many  canyons  at  the  heads  of  branches  of  the  Repub- 
lican River,  and  traversed  northward  by  the  wide,  deep  valley  of 
Plum  Creek.  Its  northeastern  corner  extends  to  Platte  River  and 
covers  a  small  area  along  the  south  side  of  the  valley  of  Platte  River. 
The  underground  waters  lie  at  approximately  the  same  altitiide  as  the 
bed  of  Platte  River,  with  a  gentle  general  slope  to  the  east  and  south- 
east. The  waters  are  in  a  great  sheet  which  is  probably  flowing  very 
slowly  to  the  east,  and  in  some  measure  to  the  south  into  the  deep 
valley  of  Republican  River.  The  depthto  the  water  surface  is  closely 
related  to  the  altitude  of  the  land  above  Platte  River. 

Along  the  central  area  of  plains  constituting  the  divide  between 
Plum  Creek  and  waters  draining  into  the  Republican  River  the  water 
surface  lies  from  180  to  280  feet  below  ground,  the  increase  being  quite 
regular  to  the  west.  About  Smithfield  wells  have  a  depth  of  240  feet 
and  contain  18  feet  of  water;  at  Elwood  the  depth  is  320  feet  and  the 
wells  contain  20  feet  of  water.  On  the  high  lands  between  Plum 
Creek  and  the  Platte  Valley  the  water  surface  lies  150  feet  below 
ground  north  of  Smithfield,  and  between  200  and  220  feet  north  of 
Elwood  and  in  the  extreme  northwestern  comer  of  the  county.  Along 
Plum  Creek,  waters  are  usually  obtained  within  150  feet  of  the  surface 
in  the  western  part  of  the  county,  and  within  50  feet  of  the  surface  in 
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the  eastern  part  of  the  county,  the  rate  of  decrease  being  fairly  reg- 
ular as  the  valley  is  descended.  In  the  valley  of  Platte  River,  in 
the  northeastern  corner  of  the  county,  the  water  surface  lies  within 
6  feet  of  the  ground  surface  immediately  adjoining  the  river,  and 
within  from  20  to  30  feet  toward  the  foot  of  the  highlands. 

PROSPECTS   FOR   DEEPER-SBATED   WATERS. 

Although  a  number  of  deep  borings  have  been  made  in  the  central 
and  western  portions  of  the  area  to  which  this  report  pertains,  they 
appear  not  to  have  gone  to  a  depth  sufficient  to  reach  the  formations 
in  which  water  supplies  might  be  expected.  A  boring  at  Kearney 
attained  a  depth  stated  to  be  2,460  feet,  where  it  was  discontinued,  far 
down  in  the  Pierre  shale.  One  at  Hastings  reached  a  depth  of  1,145 
feet;  one  at  Dannebrog  a  depth  of  1,000  feet;  one  at  York,  590  feet; 
and  one  at  Seward  was  bored  to  a  depth  of  610  feet.  At  the  latter 
place  the  Dakota  sandstone  appears  to  have  been  penetrated,  but  it 
did  not  yield  a  flow.  In  the  other  borings  this  formation  was  not 
reached. 

In  South  Dakota  the  Dakota  sandstone  carries  a  very  large  volume 
of  excellent  water  under  high  pressure  which  is  available  over  a  wide 
area  in  the  eastern  part  of  the  State  and  in  the  depressions  of  the 
Missouri  and  confluent  valleys.  This  water  passes  into  the  formations 
along  the  foothills  of  the  Black  Hills  and  the  Rocky  Mountains  at 
altitudes  of  from  3,000  to  5,000  feet,  and  has  a  great  pressure  and  high 
head  in  the  eastern  part  of  South  Dakota.  This  pressure  and  head 
diminishes  gradually  toward  the  southeast,  and  finally  in  the  extreme 
corner  of  the  State  flowing  water  can  not  be  obtained.  This  is  due 
to  the  fact  that  the  formation  reaches  the  surface  along  Big  Sioux 
River  and  the  Missouri  RiVer  below  Vermilion,  so  that  the  watera 
are  free  to  escape  and  thus  lose  their  volume  and  pressure.  Precisely 
the  same  conditions  are  found  in  the  northeastern  corner  of  Nebraska, 
and  it  is  reasonable  to  believe  that  they  may  be  found  to  be  essen- 
tially the  same  over  a  wide  area  in  central  Nebraska,  especially  on 
the  lower  plains  and  along  such  valleys  as  the  Platte,  where  the  land 
is  not  elevated  much  higher  than  in  the  eastern  part  of  South  Dakota. 

The  Dakota  sandstones  outcrop  in  Lancaster  and  adjoining  coun- 
ties, where  they  are  free  to  lose  their  water,  and  this  is  also  the  case 
with  the  upper  members  of  the  Carboniferous  formations  which  out- 
crop extensively  in  the  counties  east  and  southeast  of  Lancaster. 
In  this  area  the  Dakota  sandstone  is  seen  to  be  full  of  water  in  hun- 
dreds of  wells  which  have  been  sunk  in  it,  and  from  its  outcrops  flow 
innumerable  springs,  which  do  much  toward  filling  the  small  streams 
of  Lancaster  County.  These  waters  are  in  all  probability  largely 
derived  from  an  intake  zone  along  the  western  outcrops,  and  it  is 
believed  that  much  of  the  water  passes  under  the  entire  length  of  the 
State  of  Nebraska,  as  shown  in  PI.  IV,  to  the  wells  and  springs  which 
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extend  along  a  zone  of  outcrop  of  Dakota  Baudatone  in  T>anca8ter, 
Qage,  Saunders,  Dodge,  Burt,  Thurston,  and  Dakota  counties.  A 
typical  spring  in  this  belt  is  shown  in  PI.  XIX.  Of  course  these 
waters  have  but  very  slight  head  in  Lancaster  County,  but  they  nearly 
all  ritte  at  least  a  few  feet  in  the  wells  which  are  sunk  to  them.  West- 
ward, however,  away  from  the  zone  of  leakage,  we  should  expect  the 
pressure  t«  gradually  increase,  as  it  does  to  the  north  and  west  in 
South  Dakota.  Whether  the  increase  would  be  at  a  sufficiently  rapid 
rate  to  give  flows  at  the  surface  in  the  central  and  western  portion  of 
the  area  to  which  this  report  relates  can  not  be  predicted  from  our 
present  means  of  calculation. 

In  the  following  di^^sm  I  have  introduced  a  sketch  of  a  piece  of 
physical  apparatus  which  illustrates  the  increase  of  head  away  from 
the  leak  toward  the  source  of  pressure,  representing  closely  the  rela- 
tions which  appear  in  the  South  Dakota  artesian  basin,  and  probably 
in  a  measure  also  those  of  central  and  eastern  Nebraska.  It  will  be 
seen  that  the  gradient  is  a  relatively  rapid  one,  but  we  must  bear  in 
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mind  that  the  distance  from  eastern  Nebraska  to  the  Rocky  Mountains 
is  very  great  and  much  of  the  intervening  land  slopes  up  to  a  fairly 
high  altitude.  There  is  another  condition  which  may  be  adverse. 
The  Dakota  sandstone  is  exceedingly  variable  in  physical  character. 
In  Lancaster  County  and  in  the  belt  extending  northward  to  the 
Missouri  River  at  Dakota  City  the  sandstone  is  porous,  clay  is  not 
predominant,  and  the  conditions  are  favorable  for  the  transmission 
of  large  water  supplies.  It  may  be  that  westward  the  formation 
becomes  finer  grained  over  a  greater  or  less  area  in  such  manner  as 
to  choke  out  water.  Of  this,  however,  there  is  no  definite  evidence. 
In  the  outcrops  in  Jefferson  County  there  is  considerable  clay  admix- 
ture, but  many  of  the  beds  are  sufficiently  porous  to  carry  the  water. 
The  outcrops  are  found  far  westward  in  Kansas,  not  far  south  of  the 
Nebraska  boundary,  and  they  appear  to  be  coarse  and  suitable  for 
bearing  water. 

In  the  next  underlying  formation,  the  Carboniferous  limestones, 
flowing  water  has  been  obtained  in  considerable  volume  in' the  wella  at 
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Lincoln,  but  it  is  so  salty  that  the  wells  are  more  likely  to  prove 
nsefal  as  sources  of  salt  sup-  ,^ 

ply  than  for  anything  else.     SSi'ui".'.'' 
It  is  probable,  however,  that    aSdiS^Vi*!"."!"."!!:!";!:!".!:" 

this  saline  water  is  of  rela-    ««-"-^i~"" 

lively  local  occurrence,  oc-    ouj,  ^jto.  m  d-w 

cupyingabasinundereastem    ^^iH!^^'^^ 

Nebraska,  and  that  farther    ,s!i^S!t"" 

westward  the  waters  in  the    ^"^■■^"" 

Carboniferoasformationinay 

be  perfectly  fresh,  or  at  least    "^-.i*" 

only  slightly  mineralized.  It 
would  hardly  be  safe  to  offer 

this  as  a  prediction,  but  it    s^^"-*- 

is  worth  bearing  iii  mind  as 
as  a  poBsibility.  At  Omaha, 
northward  in  Dakota,  and 
eastward  in  Iowa  excellent 
waters  are  obtained  from 
Carboniferous  limestone.  It 
is  therefore  desirable  to  point  '  ''^' 
out  the  advisability  of  sink- 
ing deep  wells  in  the  region 
west  of  Seward  and  Saline 

counties  to  test,  in  the  first    sm.,mh, _. 

place,  the  water  resources  of 
the  Dakota  sandstone,  and 
if  these  are  inadequate,  to 
drill  deeper  to  the  underlying 
formations.  The  depth  to 
which  it  would  be  necessary 

to  go  can  not  be  definitely    s^^^^^ 

calculated  from  data  now  on 
hand.  At  Kearney  the  Pierre 
shales  were  reported  to  ex- 
tend from  adepth  of  71  feet  to 
2,460  feet,  the  bottom  of  the 
boring;  but  it  is  believed 
that  the  top  of  the  Dakota 
formation  was  not  far  below. 

Eastward   the  thickness  of    B*^.-M.-^7.w-i 

Cretaceous  shales  diminishes 

gradually  as  the  Dakota  and 

underlying   formations   rise 

toward  the  surface  and  the 

land  decreases  in   altitude.    j,^_j  ^^^ 

Some  of  these  relations  are     „     ,.     „      ,   .  , 

.       ,,         .„,.,.„,    „,         F'O-  1* — Record  of   deep  boring  at  Dannebn^, 
further  lllUfitratea  in  PI.  IV.  Howard  Conaty,  Nebruka. 
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Owing  to  the  difficulty  of  sinking  a  boring  in  the  overlying  clays 
of  the  Cretaceous  formations,  expert  well  drilling  will  be  necessary, 
and  borings  should  be  very  large  at  the  top.  The  experiments  will  be 
expensive,  but  it  is  hoped  that  at  some  such  point  as  Grand  Island, 
Hastings,  Kearney,  or  North  Platte  an  attempt  will  eventually  be 
made  to  ascertain  the  resources  of  the  Dakota  sandstone  and,  if  nec- 
essary, the  underlying  formations. 

IRRIGATION  BY  UNDBRQROUND  WATERS. 

At  many  points  in  this  region  the  underground  waters  have  been 
employed  for  irrigation.  In  the  Beaver  Crossing  area  the  artesian 
flows  have  been  used,  but  elsewhere  the  supply  has  to  be  lifted  to  the 
surface  with  windmills.  In  greater  part  the  irrigated  areas  have  been 
only  a  very  few  acres  or  a  garden.  Under  most  of  the  region  there 
are  ample  supplies  of  water  for  extensive  irrigation,  but  with  wind- 
mill pumping  it  usually  has  not  been  found  practicable  to  irrigate 
properly  over  10  to  15  acres  from  one  mill.  When  the  waters  lie  over 
75  or  100  feet  below  ground  the  amount  available  is  less,  for  the 
efficiency  of  pumping  rapidly  decreases  beyond  a  moderate  depth. 
Very  few  irrigators  regard  artificial  watering  as  profitable  for  large 
field  crops  of  low  market  value,  but  for  small,  diversified  crops  for 
family  subsistence  and  local  sale,  and  some  special  crops,  such  as 
potatoes,  pump  irrigation  is  certain  to  be  appreciated  as  a  necessity 
in  dry  seasons  and  a  useful  adjunct  even  in  the  more  rainy  ones. 

In  traveling  over  the  area  to  which  this  report  relateis  an  endeavor 
was  made  to  obtain  some  data  in  regard  to  the  methods  and  results  of 
farm  well  irrigation  in  the  various  counties.  Information  was  also 
gathered  in  regard  to  irrigation  in  the  Beaver  Crossing  artesian  basin. 
The  results  of  these  inquiries  are  set  forth  in  the  following  pages. 

LANCASTER  COUNTY. 

In  this  county  there  is  considerable  irrigation  in  a  small  way,  mainly 
of  garden  areas.     Some  experiences  of  irrigators  are  as  follows: 

Mr.  H.  G.  Weber,  gardener,  west  of  Lincoln,  irrigates  garden  truck, 
including  onions,  radishes,  lettuce,  spinach,  asparagus,  pieplant,  egg- 
plant, pepper,  cabbage,  tomatoes,  cucumbers,  celery,  and  other  vege- 
tables. His  well  is  60  feet  deep,  but  the  water  rises  to  within  26  feet 
of  the  surface.  The  pump  has  a  3- by-10  cylinder.  The  reservoir  is  on 
the  highest  land  and  has  a  capacity  of  1,000  barrels.  In  a  good  wind 
the  pump  supplies  10  to  12  barrels  per  hour.  Mr.  Weber  states  that, 
although  his  plant  is  small,  the  results  have  been  very  satisfactory. 

Mr.  E.  H.  Cushman,  near  Lincoln,  states  that  he  has  been  inigat- 
ing  a  market  garden  for  two  years.  He  has  a  12-foot  aermotor  wind- 
mill, which  runs  a  pump  with  6-inch  cylinder  and  a  12-inch  stroke, 
raising  about  2  gallons  of  water  to  the  stroke.  The  well  is  about  32  feet 
deep,  with  approximately  14  feet  of  water,  in  large  supply,    The  reser- 
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voir  is  50  by  100  feet  and  4  feet  deep.  Can  irrigate  10  acres.  Has 
also  built  a  *'  Jumbo"  mill  to  run  two  pumps  with  3-inch  cylinders, 
12-iiich  stroke. 

Mr.  £.  E.  Smith,  near  Lincoln,  irrigates  5  acres,  mainly  of  garden 
truck.  He  has  a  well  25  feet  deep,  containing  12  feet  of  water.  His 
reservoir  is  50  feet  square.     Water  is  pumped  with  a  5-foot  aermotor. 

SEWARD  COUNTY. 

In  the  artesian  area  along  Blue  River,  in  the  vicinity  of  Beaver 
Crossing,  the  waters  have  been  used  by  a  number  of  farmers  for  irri- 
gation of  small  areas.  The  results  have  been  very  satisfactory,  and 
the  disposition  to  introduce  irrigation  in  this  area  is  growing  in  a 
most  encouraging  manner.  Only  .a  few  facts  have  been  obtained  in 
regard  to  irrigation  plants  and  results. 

Mr.  J.  T.  Godding  has  a  well  which  is  105  feet  deep,  3  inches  in 
diameter,  and  yields  125  gallons  per  minute,  which  will  rise  to  25  feet 
above  the  surface.  He  irrigates,  with  good  results,  a  field  40  rods 
square,  which  is  flooded  directly  from  the  wells. 

M.  M.  Martson,  near  Beaver  Crossing,  irrigates  10  acres  with  arte- 
sian waters  in  dry  seasons.  He  has  a  3-inch  well,  100  feet  deep,  and 
the  water  rises  20  feet  above  ground.  The  reservoir  is  2  rods  wide 
by  40  rods  long  and  8  feet  deep. 

Messrs.  Horney  and  Evans  have  two  flowing  wells,  with  water  at 
depths  of  90  to  100  feet,  which  rises  15  feet  above  ground.  They 
are  3  inches  in  diameter  and  flow  100  gallons  each  per  minute.  In 
dry  seasons  they  irrigate  potatoes. 

Mr.  Thomas  Wilson,  near  Beaver  Crossing,  has  a  4-inch  flowing 
well,  125  feet  deep.  The  water  rises  5  feet  above  ground.  His  reser- 
voir is  40  by  60  feet.  Three  acres  of  potatoes  irrigated  in  1896  yielded 
twice  the  product  obtained  from  adjoining  fields  not  irrigated. 

Mr.  Thomas  Trilzraan,  near  Beaver  Crossing,  irrigates  from  a  flow- 
ing well.  His  reservoir  is  100  by  50  feet  and  6  feet  deep.  His  com 
yielded  85  bushels  and  prairie  grass  2  tons  per  acre.  Sugar  beets 
were  found  to  be  greatly  benefited  by  the  water. 

Mr.  F.  M.  Dimery,  near  Beaver  Crossing,  has  nine  flowing  wells  on 
his  farm,  of  which  the  average  depth  is  100  feet.  Four  of  them  are 
3-inch  pipe,  and  flow  about  150  gallons  per  minute.  Two  of  the  wells 
have  been  used  for  irrigating  60  acres  of  land  direct  from  the  wells  in 
small  ditches  made  with  a  plow.  Mr.  Dimery  has  also  irrigated  a 
2-acre  garden  and  6  acres  of  meadow. 

On  the  Fountain  Head  Experimental  Farm,  near  Beaver  Crossing, 
Mr.  T.  C.  Ferguson  has  irrigated  extensively  by  artesian  waters. 

Mr.  J.  W.  Arasmith  has  wells  near  Beaver  Crossing,  and  a  half- 
acre  reservoir  with  4-foot  banks,  but  has  not  as  yet  irrigated. 

Mr.  M.  Powell  irrigates  a  small  area  of  bottom  land  from  his  flow- 
ing well. 

IRR  12 4 
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FILLMORE  COUNTY. 

Mr.  J.  H.  Little,  near  Fairmont,  has  irrigated  to  some  extent.  He 
has  two  bored  wells,  70  feet  deep.  His  pumps  are  8^  by  16  inch  cyl- 
inders, and  l^-inch  pipe  is  used.  A  12-foot  windmill  works  both 
pumps,  yielding  from  10  to  20  barrels  per  hour.  He  irrigates  5  acres 
of  orchard  in  the  autumn  and  winter,  and  estimates  that  the  yield 
was  about  doubled  by  irrigation.    His  reservoir  is  30  by  150  feet. 

YORK  COUNTY. 

Mr.  L.  D.  Stilson,  near  York,  is  irrigating  from  two  small  ponds. 
One  is  25  by  40  feet,  carrying  30  inches  of  water,  supplied  from  the 
overflow  of  house  well,  40  feet  deep,  pumped  by  windmill.  The 
overflow  is  used  for  lawn  and  shriibbery.  The  other  pond  is  40  by 
100  feet  and  contains  4  feet  of  water,  supplied  by  a  4-inch  pump  with 
windmill  from  a  well  40  feet  deep.  During  January  and  February 
he  pumped  water  directly  onto  a  little  more  than  an  acre  of  straw- 
berries, with  very  satisfactory  results.  He  is  planning  to  put  in  a 
third  pond,  75  by  200  feet,  pumping  the  water  75  feet,  to  supply 
apple,  peach,  and  cherry  orchards. 

Mr.  F.  E.  Porter,  at  McCool  Junction,  has  irrigated  from  a  pond  70 
feet  in  diameter,  5  feet  deep,  and  capacity  of  4,000  barrels.  He 
employs  a  12-foot  Eclipse  mill,  with  5-inch  cylinder,  which  pumps 
1,000  barrels  in  twenty-four  hours,  in  a  good,  steady  wind.  He 
employs  hose  of  10-onnce  oiled  ducking  for  distribution  of  water. 
His  results  in  irrigation  of  garden  truck  have  been  most  satisfactory. 
Many  other  persons  irrigate  small  truck  patches  with  ordinary  wind- 
mill pump. 

HAMILTON  COUNTY. 

Mr.  G.  L.  Cushman,  near  Chapman,  is  irrigating  with  considerable 
success.  He  employs  a  Dempster  vaneless  16-foot  mill,  with  8-inch 
cylinder  and  pipe.  It  is  32  feet  from  surface  to  bottom  of  screen, 
and  the  water  level  can  not  be  pumped  down.  The  reservoir  is  110 
feet  in  diameter,  and  is  located  on  a  portion  of  the  land  which  is 
slightly  higher  than  the  adjacent  fields.  His  ditches  are  dug,  with 
banks  of  the  excavated  material.  Potatoes  have  been  the  crop,  but 
the  plant  as  it  now  stands  will  hardly  supply  water  enough  for  5 
acres  in  dry  seasons.  Irrigation  was  found  to  increase  the  crop  to  a 
very  notable  degree,  but  no  precise  figures  are  offered. 

BUFFALO  COUNTY. 

Mr.  Joseph  Buck,  near  Shelton,  irrigated  about  1  acre  of  potatoes 
in  1895.  His  well  is  25  feet  deep,  and  with  his  present  pumping 
arrangements  yields  about  150  gallons  per  minute  in  a  fair  wind.  The 
supply  appears  to  be  inexhaustible.  His  reservoir  is  one-half  acre  in. 
siz§. 
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Mr.  W.  K.  Wright,  near  Gibbon,  irrigates  from  a  reservoir  1  acre 
in  area,  with  banks  about  5  feet  high  on  the  outside.  The  water  sup- 
ply is  from  two  12-inch  pumps  operated  by  two  16-foot  windmills,  each 
pump  delivering  about  130  gallons  per  minute  in  a  fair  wind.  The 
water  level  is  10^  feet  below  the  surface.  One  of  the  pumps  draws 
the  water  from  eight  3-inch  pipes  radiating  from  a  chamber  which 
fastens  to  the  bottom  of  the  cylinder.  Each  of  the  radiating  pipes 
is  4  feet  long,  the  outer  ends  connecting  with  elbows  to  perpendic- 
ular pipes  with  gauze  points  driven  12  feet  into  the  water.  The 
other  pump  is  supplied  from  an  open  well  54  feet  deep,  16  inches  in 
diameter,  with  700  three-quarter  inch  auger  holes,  covered  with  gauze, 
near  the  bottom.  The  largest  volume  of  water  is  in  gravel  18  feet 
thick,  beginning  lOJ  feet  below  the  surface.  Below  this  the  water 
contained  too  much  quicksand.  Mr.  Wright  has  found  that  flooding 
the  land  in  the  autumn  and  winter  is  very  beneficial  to  the  crops  of 
the  ensuing  season.  In  1895,  20  acres  of  com  were  irrigated  once,  at 
earing  time,  with  the  gratifying  result  of  doubling  the  crop  over  that 
of  adjoining  nonirrigated  lands.  He  has  raised  150  bushels  of  x>ota- 
toes  "per  acre.  His  main  ditches  are  2^  to  4  feet  wide,  according  to 
the  slope  of  the  ground.  The  land  does  not  carry  water  well  for  long 
distances.  He  thinks  he  can  depend  on  irrigating  25  acres,  with  water 
to  spare  some  seasons  for  the  further  irrigation  of  from  15  to  20  acres 
more. 

Mr.  R.  M.  Jones,  near  Elm  Creek,  irrigates  with  a  Dempster  mill, 
16-foot  wheel,  pumping  from  eight  3-inch  i)oints  driven  from  the  bot- 
tom of  a  hole  8  feet  deep,  11  feet  in  diameter,  into  water-bearing 
gravels  below.  He  has  been  able  to  wet  about  25  to  30  acres  by  run- 
ning the  water  out  over  the  frozen  ground.  Com,  wheat,  barlej',  and 
oats  yielded  very  fine  crops,  which,  however,  were  seriously  damaged 
by  hail  before  harvesting. 

DAWSON  COUNTY. 

Along  the  valley  of  the  Platte  in  this  county  irrigation  from  shallow 
wells  by  windmills  has  been  practiced  at  several  localities.  Informa- 
tion could  be  procured  from  only  a  few  of  the  irrigators.  The  follow- 
ing statements  are  representative : 

Mr.  G.  Malchow,  near  Lexington,  irrigates  from  a  20-foot  well  with 
pumping  outfit  and  reservoir  situated  on  a  low  knoll,  which  is  about  8 
feet  higher  than  adjoining  portions  of  the  farm.  The  pump  consists 
of  an  8-inch  pipe,  20  feet  long,  with  two  laterals,  2  inches  in  diameter, 
driven  down  19  feet  deep  into  the  water-bearing  beds.  The  first 
water  is  21  feet  from  the  top  of  the  knoll,  in  a  bed  of  gravel  2  feet 
thick,  underlain  by  10  to  12  inches  of  clay  and  sand,  below  which  are 
other  water-bearing  gravels.  The  reservoir  is  6  feet  deep,  150  feet 
long,  and  100  feet  wide.  In  1895  the  wind  had  sufficient  force  to  keep 
this  reservoir  about  full  from  March  to  the  1st  of  July.  Two  acres 
were  planted  in  potatoes  and  1  acre  in  a  variety  of  garden  truck, 
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including  lettuce,  onions,  beets,  carrots,  cabbage,  etc.  The  water 
was  turned  into  these  fields '  about  twice  a  week,  and  the  products 
were  large  and  fine.  Owing  to  lack  of  market,  however,  the  opera- 
tion was  not  a  profitable  one.  In  the  middle  of  June,  Mr.  Malchow 
irrigated  2  acres  of  jwtatoes,  and  these  yielded,  on  harvesting,  about 
100  bushels  to  the  acre.  Potatoes  in  the  adjoining  fields  not  irrigated 
made  practically  no  crop  at  all.  There  were  also  irrigated  2  acres  of 
oats,  which  made  40  bushels  to  the  acre,  while  other  oats  in  the 
vicinity  made  only  10  bushels.  By  comparing  results  with  neighbors 
who  apply  the  water  direct  from  the  wells,  it  was  found  that  storage 
in  reservoirs  is  veiy  necessary,  both  to  gain  sufficient  volume  for 
irrigation  and  to  allow  the  water  to  acquire  the  proper  temperature. 

Mr.  G.  Ballmer,  near  Gothenburg,  has  a  Dempster  irrigation  outfit, 
consisting  of  Scinch  pump,  30-foot  tower,  and  16-foot  open  wheel. 
The  well  is  40  feet  deep,  8  feet  wide,  and  has  six  2-inch  pipes  29  feet 
long,  with  sand  points  which  are  driven  down  into  the  gravel.  They 
connect  in  the  bottom  of  the  well  with  an  8-inch  cylinder.  He  estimates 
that  by  running  the  pump  continuously  he  could  irrigate  20  to  30 
acres.  His  reservoir  is  60  by  200  feet,  with  banks  about  4  feet  high. 
At  present  he  is  irrigating  only  in  a  small  way — fruit  trees,  truck 
X>atch,  a  few  acres  of  potatoes,  and  5  acres  of  com. 

Mr.  Alex.  I.  Johnson,  near  Lexington,  makes  the  following  state- 
ment: He  has  an  8-inch  pump  with  six  2-inch  pipes  attached.  The 
water  level  is  14  feet  below  the  surface  and  the  supply  is  very 
large.  With  a  10-inch  stroke  his  mill  pumps  about  100  gallons  per 
minute.  The  reservoir  is  100  feet  long  by  60  wide,  and  holds  water 
sufficient  for  about  2  acres  at  a  time.  From  this  plant  he  has  irri- 
gated from  10  to  12  acres,  which  have  yielded  good  crops  during  sea- 
sons when  the  crops  failed  completely  on  nonirrigated  land.  His 
potatoes  have  yielded  110  bushels,  corn  40  bushels,  while  in  nonirri- 
gated areas  only  15  bushels  were  obtained  last  season. 

Mr.  L.  A.  Lewis,  near  Cozad,  gives  the  following  particulars  in 
regard  to  his  irrigation  operations:  His  well  is  20  feet  by  8  feet,  with 
six  sand  points  driven  10  feet  below  and  connected  with  an  8-inch  cyl- 
inder. The  water  level  is  22  feet  below  the  surface.  His  windmill  is 
16  feet  in  diameter  and  has  a  10-inch  stroke.  He  believes  that  with 
a  sufficiently  large  reservoir,  in  a  moderately  windy  season,  he  could 
irrigate  from  50  to  60  acres.  He  has  not,  however,  built  a  reservoir. 
During  the  last  two  seasons  he  has  raised  potatoes,  onions,  and  other 
vegetables.  In  the  season  of  1896  he  raised  250  bushels  of  onions  on 
30  square  rods.  His  potatoes  yielded  250  bushels  per  acre  in  1895. 
On  adjoining  fields  not  irrigated  the  potato  crop  was  practically  noth- 
ing. He  realizes  the  necessity  of  having  a  reservoir  to  furnish  the 
water  in  sufficient  volume  and  at  the  proper  temperature. 

Mr.  Oliver  Miller,  near  Cozad,  has  a  plant  to  irrigate  about  5  acres 
in  the  Platte  Valley.    His  well  is  45  feet  deep  and  contains  the  usiial 
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large  water  supply.  His  windmill  raises  about  25  gallons  per  minute 
under  a  favorable  wind.  The  reservoir  is  5  rods  square  and  holds  4 
feet  of  water.  His  crops  have  been  x>otatoes  and  garden  truck,  of 
which  the  yield  is  about  doubled  by  irrigation. 

Mr.  A.  F.  Velt,  near  Lexington,  irrigates  from  10  to  15  acres  in  dry 
seasons.  His  well  is  62  feet  deep  and  the  windmill  a  16-foot  Dempster. 
The  reservoir,  60  by  100  feet  in  area  and  4  feet  deep,  can  be  filled  in 
about  four  days  with  a  6-inch  stroke.  Mr.  Velt  reports  very  satisfac- 
tory results  with  potatoes,  onions,  cabbage,  corn,  and  miscellaneous 
garden  truck. 
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LETTER  OF  TRANSMITTAL. 


Depabthbnt  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydi^ography, 
WashiTigtony  November  26^  1897. 

Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  Irri- 
gation Systems  in  Texas,  by  William  Ferguson  Hutson,  and  to  rec- 
ommend that  it  be  published  in  the  series  of  pamphlets  on  Water- 
Sapply  and  Irrigation.  This  manuscript  was  prepared  in  accordance 
with  a  request  made  to  Prof.  J.  H.  Connell,  director  of  the  Texas 
Agricultural  Experiment  Station.  Professor  Connell  found  that  it 
was  impossible  for  him  to  give  the  necessary  time  to  field  investiga- 
tion and  the  preparation  of  a  report  of  results,  and  therefore  recom- 
mended that  the  work  be  intrusted  to  Mr.  Hutson.  The  field  work 
was  carried  on  during  May  and  June  of  1897;  the  paper  was  written 
during  July  and  transmitted  early  in  August.  The  data  were  neces- 
sarily accumulated  in  a  relatively  short  time,  and  the  author  consid- 
ers  the  paper  somewhat  in  the  light  of  a  preliminary  report.  A  num- 
ber of  illustrations  used  in  this  paper  have  been  obtained  through  the 
courtesy  of  Mr.  Robert  T.  Hill,  geologist  of  this  Survey,  from  his  paper 
in  Part  II  of  the  Eighteenth  Annual  Report. 

In  the  preparation  of  this  manuscript  for  publication  considerable 
liberty  has  been  taken  with  the  arrangement  and  the  manner  of 
presentation.  While  the  statements  of  fact  have  been  preserved,  such 
changes  have  been  made  in  the  character  of  the  paper  as  seemed 
necessary  to  bring  it  into  harmony  with  the  series  as  a  whole.  In 
particular  a  somewhat  arbitrary  geographic  arrangement  has  been 
adopted  in  place  of  one  based  on  considerations  of  quantity  of  rain- 
fall, as  it  appeared  undesirable  to  make  the  assumption  that  irrigation 
is  governed  by  questions  of  mean  annual  precipitation. 

Very  resi)ectf uUy, 

F.  H.  Newell, 

Hydrographer  in  Charge, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeological  8v/rvey, 


INTRODUCTION. 


By  F.  H.  Newell. 


In  the  report  upon  Agriculture  by  Irrigation,  prepared  for  the 
Eleventh  Census,  1890,  all  the  facts  obtainable  at  that  time  concern- 
ing irrigation  in  Texas  were  presented  and  discussed.  It  was  found 
by  the  enumeration  that  there  were  in  the  whole  State  623  x>^r8ons 
irrigating  farms,  having  an  aggregate  area  of  18,241  acres,  or  an  aver- 
age of  29  acres  irrigated  by  each  person.  This  did  not  include  the 
smaller  kitchen  and  flower  gardens,  of  which  there  were  probably 
hundreds,  or  even  thousands,  watered  by  means  of  city  supply  or 
windmills.  The  definition  of  "a  farm,"  adopted  for  the  purpose  of 
the  census,  included  ''all  staple  nurseries,  orchards,  and  market 
gardens  owned  by  separate  parties  which  were  cultivated  for  pecu- 
niary profit  and  which  employed  as  much  as  the  labor  of  one  able- 
bodied  workman  during  the  year."  The  land  which  was  irrigated 
formed  on  an  average  only  2.43  per  cent  of  each  farm,  showing  that 
irrigation  where  used  was  practiced  on  only  an  inconsiderable  portion 
of  each  landowner's  holding. 

Since  1890  there  has  been  considerable  progress  made  in  the  devel- 
opment of  irrigation,  and  interest  has  been  stimulated  by  the  success 
recently  attained  in  various  localities.  This  later  investigation  in 
Texas  has,  therefore,  been  made  for  the  purpose  of  procuring  fresh 
information,  esx>ecially  concerning  the  recent  developments.  The 
facts  are  of  interest  not  only  to  the  people  of  that  State,  but  to  a  less 
degree  to  those  of  the  whole  United  States,  for  Texas  embraces  such 
a  wide  range  in  toi)ography  and  climate  that  success  attained  within 
its  boundaries  suggests  the  advisability  of  the  same  line  of  action  in 
some  other  locality.  On  account  of  this  great  diversity  of  natural 
conditions,  irrigation  has  been  developed  along  many  different  lines. 
Not  only  is  water  diverted  from  creeks  and  larger  rivers,  but  in  some 
localities  it  is  held  by  storage,  in  others  it  is  pumped  from  ordinary 
wells,  and  in  still  others  it  is  obtained  from  artesian  wells.  Where 
the  conditions  are  favorable,  the  swiftly  fiowing  streams  are  employed 
in  pumping  a  portion  of  their  own  water  up  to  the  top  of  the  adjacent 
banks,  or  the  ever-present  winds  of  the  prairies  are  utilized  by  means 
of  windmills  to  bring  a  needed  supply  of  moisture  from  far  under- 
ground.    In  short,  in  the  broad  stretch  of  country  from  the  humid 
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lands  on  the  east  to  the  arid  region  on  the  west^  from  the  semitropio 
glades  of  the  south  Gulf  coast  to  the  high  plains  of  the  interior,  is  to 
be  found  almost  every  variety  of  physical  condition  and  of  mechanical 
device  for  supplying  needed  water  to  the  soil. 

When  we  consider  the  State  of  Texas — ^in  area  nearly  a  tenth  of  t*he 
whole  United  States,  and  with  a  population  less  than  that  of  the  little 
State  of  Massachusetts,  sparsely  scattered  even  in  the  humid  portion, 
with  enormous  areaerof  rich  soil  but  x)Oorly  tilled — ^the  question  arises, 
Why  should  irrigation  be  practiced?  Agriculture  by  this  method  is 
necessarily  intensive  farming — ^a  method  which  should  be  practiced 
amid  a  dense  population,  and  one  where  success  is  attained  only  by 
thorough  tilling  and  careful  attention  to  details.  Why  then  should 
this  be  taken  up  in  a  State  where  fertile  land  is  so  cheap  and  where 
great  areas  have  not  been  touched  by  the  plow?  The  answer  lies  in  the 
fact  that  many  farmers  are  beginning  to  discover  that  larger  profits 
can  be  made  by  carefully  tilling  a  small  area  than  by  attempting  to 
diffuse  their  efforts  over  plantations  of  considerable  size,  and  that  in 
order  to  produce  the  largest  jdeld  from  a  given  outlay  of  time  and 
labor  it  is  necessary  to  insure  the  presence  of  sufficient  moisture  at 
the  right  time.  This  lesson,  however,  has  not  been  universally  learned. 
The  education  of  the  great  majority  of  farmers  or  planters  has  been 
such  as  to  make  them  adhere  to  old  methods,  and  often  it  is  only  after 
object  lessons  have  been  many  times  repeated  that  they  are  willing  to 
concede  that  their  broad  farming  is  not  the  most  profitable. 

Included  within  the  State  of  Texas  are  lands  upon  which  irrigation 
was  practiced  as  early  as,  if  not  earlier  than,  in  any  other  portion  of  the 
United  States,  and  it  would  thus  seem  that  this  method  of  agriculture 
should  have  spread  and  be  more  generally  practiced  than  it  is.  It  is 
a  fair  question.  Why,  if  irrigation  is  so  profitable,  has  it  not  become  the 
rule  rather  than  the  exception?  The  answer  can  probably  be  found 
in  the  character  and  training  of  the  population  and  in  the  unfriendly 
attitude  of  the  laws  of  the  State  toward  the  development  of  irriga- 
tion works.  The  very  extent  of  the  State — ^the  enormous  areas  of 
land  that  might  be  had  almost  for  the  asking — ^has  tended  to  make  the 
farmer  look  down  upon  little  methods  and  disregard  the  small  econo- 
mies and  the  attention  to  detail  so  essential  in  intensive  agriculture. 
Thus  the  tendency  has  been  to  leave  irrigation  to  the  Mexican,  who 
originally  practiced  it,  and  to  regard  it  as  something  almost  unworthy 
of  the  consideration  of  a  ''white  man."  The  time  has  come,  however, 
for  a  change  in  general  sentiment.  A  more  diversified  farming  has 
been  introduced,  together  with  better  methods,  brought  in  to  a  certain 
extent  by  immigration  from  other  States.  The  rapid  growth  of  the 
Territories  to  the  northwest,  which  are  dependent  for  their  agricul- 
ture upon  irrigation,  has  stimulated  a  desire  and  an  endeavor  to  attain 
like  results  by  similar  means,  and  opportunities  which  before  have 
been  neglected  are  being  seized  upon. 
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Before  any  considerable  development  can  take  place  in  irrigation, 
nx>on  either  a  large  or  a  small  scale,  facts  mnst  be  known  concerning 
the  water  supply.  If  this  is  to  be  obtained  front  a  river,  it  must  be 
known  whether  the  low-water  flow  is  sufficient  for  the  purpose  and 
whether  the  floods  are  of  such  size  as  to  sweep  away  structures  which 
should  be  permanent.  Even  in  the  case  of  individuals  intending  to 
pump  water  from  the  ground,  questions  are  first  asked  as  to  whether 
the  groundwater  is  sufficient  in  volume  and  whether  it  can  be  obtained 
at  a  depth  near  enough  to  the  surface  to  be  profitably  raised.  The 
answer  to  all  questions  of  this  kind  must  come  primarily  through  a 
comprehension  of  the  geology  of  the  country.  Ignorance  of  the  vol- 
ume of  some  of  the  larger  streams  has  already  resulted  in  serious 
disappointment,  and  probably  in  heavy  loss,  to  several  large  enter- 
prises, and  it  is  probable  that  other  works  of  this  character  will  not 
be  carried  out  until  the  investors  have  a  better  knowledge  of  the 
physical  conditions,  of  drought,  and  of  high  water.  From  a  knowl- 
edge of  the  underground  conditions  it  is  i)OBsible  to  foretell  the  depth 
to  the  water-bearing  strata  and  the  general  character  of  these,  and  to 
base  estimates  upon  the  quantity  which  may  be  obtained  by  properly 
constructed  wells.  Matters  of  this  kind  must  be  investigated  if  the 
resources  of  the  country  are  to  be  neither  underestimated  and  neglected 
nor  overstated  and  made  the  basis  of  loss  to  credulous  investors. 

With  the  measurement  and  study  of  surface  streams  and  the 
accumulation  of  facts  concerning  the  underground  structure,  with 
reference  to  the  amount  and  quality  of  the  water  available,  there  Are 
closely  joined  considerations  of  methods  and  cost  of  lifting  the  water 
up  to  the  lands  to  be  irrigated.  No  general  rule  can  be  laid  down  as 
to  how  much  any  given  individual  can  afford  to  expend  in  obtaining 
a  water  supply  for  irrigation.  Each  case  must  be  considered  on  its 
own  merits,  alike  as  to  methods  and  machinery,  the  amount  of  water 
needed,  and  the  character  and  ultimate  value  of  the  crop.  As  a  gen- 
eral rule  it  may  be  said  that  for  the  field  crops  as  ordinarily  cultivated 
irrigation,  especially  by  pumping,  will  not  pay;  but  in  diversified 
farming,  where  personal  attention  is  given  by  the  owner  to  every 
detail,  exx)ensive  methods  of  storing  or  pumping  water  have  in  the  long 
run  been  found  highly  profitable.  In  order  to  bring  out  the  divergence 
in  practice  there  have  been  assembled  in  the  following  table  the  more 
important  facts  obtainable  concerning  the  cost  of  water  by  the  various 
methods  described  in  the  following  pages. 

This  table  gives  in  the  first  column  the  page  upon  which  the  irriga- 
tion system  is  described  and  in  the  next  column  the  name  in  abbrevi- 
ated form.  In  the  third  column  are  a  few  words  to  indicate  the 
character  of  the  system — ^whether  the  ordinary  canal  or  ditch  divert- 
ing water  from  a  river  by  means  of  a  dam,  or  a  mechanical  device, 
such  as  a  windmill  or  pumps  driven  by  steam  or  gasoline.  In  the 
next  column  is  given  the  lift  in  feet  where  water  is  raised  by  pumping. 
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and  next  to  this  the  capacity  of  the  pump  or  ditches  in  cubic  feet  per 
second.  This  column  also  gives  the  total  amount  delivered  in  acre- 
feet  in  12.1  hours,  ^nce  1  cubic  foot  per  second  flowing  for  this  length 
of  time  will  cover  1  acre  a  foot  in  depth.  To  the  acreage  two  columns 
are  devoted — the  first  giving  the  total  area  irrigable,  or  the  amount 
which  it  is  estimated  each  system  will  cover;  and  the  second,  the  area 
actually  watered,  this  applying  usually  to  the  year  1896.  Beyond 
this  is  given  the  total  cost  of  the  system,  and,  wherever  practicable, 
the  cost  per  acre.  This  latter  column,  in  the  case  of  the  larger  ditches, 
shows  the  amount  asked  or  paid  per  acre  for  water  rights.  The  last 
column  'gives  the  estimated  annual  cost  per  acre  for  water,  figures  for 
this  being  rarely  obtainable. 

Comparison  of  capacity  and  cost  of  various  systems  of  water  supply  in  Texas. 


Name. 

System. 

Pump. 

Lift 

in 

feet. 

Capac- 

second- 
feet. 

Acreage. 

Cost. 

1 

Irriga- 
ble. 

Irri- 
gat- 
ed. 

Total. 

Per 
acre. 

An- 
nual 
i)er 
acre. 

2ft 

Catron -.. 

60  H.  P.  engine. 

8-foot  wind- 
miU. 

12-foot  wind- 
mill, a 

Dam  and  ditch 

do 

Menge 

8 
25 

11.14 

16 
30 

300 

60 

500 

7 

10 
470 
260 

76 

$1,600 
300 

486 

25,000 
200 

3,500 
1.600 

$3 
43 

16 

29 

Stnbenranch  .. 
do 

20 

m 

Lytle 

81 

Lewis.. 

20 

* 
14 
20 

81 

Metcalf 

do 

$0.75 

82 

Glenn 

do 

850 

250 

400 

80 

76 

•  •  •  *     *  *  • 

600 
1,500 
1,000 

400 

82 

McGlee 

do 

82 

Swinden 

Baker 

80H.P.6 

32  H.  P.  en- 
gine, d 
Turbine 

Centrifugal 
Worthlng- 
ton. 

6.84 
2.72 

.11 
1.00 

1.87 

2.00 
.20 
.32 
. 

88 

75 
5 

2,000 

27 

c6.0D 

88 

Willis 

33 

Alldridge 

Lindsey 

Vanderstncken 

Richards 

Garrett  - 

20  H.  P.  en- 
gine, e 

30  H.  P.  en- 
gine./ 

18  H.  P.  engine. 

Water  wheel 

88 

40 

100 
3 
12 
100 
400 
250 
100 

2,000 
1,600 

60 
15 

84 

Menge  

89 

89 

do 

48 

Upper  Labor . . 

Tmeheart 

Eampman 

Pickett 

Crandall 

Simmons 

Experiment... 

Grover 

Ditch 

2.00 

46 

Ditch^ 

30.00 
2.32 
1.67 

.20 

.07 

.05 

14.00 

18,000 
3,000 
2.500 

295 

46%) 

15 

2.50 

46 

Artesian  well. 

40  H.  P.  boil- 
er, fc 

10  H,  P.  boil- 
er. < 

2i  H.  P.  gaso- 
line. 

5(  H.  P.  gaso- 
oline. 

lOOaP.boilery 

47 
48 

Blakeslee . . 
Blake 

60 
48 

C4.00 

49 

20 
600 

10 

49 

48 
48 

56 

Menge 

70 

5,000 

1.00 

/  Operating  cost,  $3  per  day  of  eleven  bourn. 
g  Water  rights  held  at  $16. 


a  Combined  water  power  and  irrigation. 

b  With  reservoir.  „  _ 

c  Approximate.  h  Costs  12i  cents  per  hour  to  operate. 

d  Operating  cost,  $7  a  day  of  twelve  hours.  t  Pumps  into  reservoir. 

e  Can  water  5  acres  per  day.  j  Operating  expenses,  $4.25  per  day. 
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Comparison  of  capacity  and  cost  of  various  systems  of  water  supply  in  Texas— 

Contmned. 


System. 

Pump. 

Lift 

in 

feet. 

80 

second- 
feet 

Acreage. 

Cost. 

• 

Name. 

Irriga- 
ble. 

Irri- 
gat- 
ed. 

Total. 

Per 

acre. 

An- 
nual 
per 
acre. 

M 

MillAr 

40  H.  P.  boiler.. 
Dam       and 

ditches. 
80H.P.boUer.. 
Windmill 

Double 

.20 

140 

70 
8,000 

60 
8 
6 

100 

200 

200 

18 

U 

6,000 
000 

$8,000 
25,000 

66 

Del  Rio 

Urbahn 

Stemeberg 

Charleston 

dosner 

Rabb 

$0.60 

58 

Pulsometer 

66 

1.11 

126 

58 

220 
426 

58 

12-foot    wind- 
mill, a 

25  H.  P.  engine. 

50H.  P.  boiler-. 

lOOH.  P.  boiler. 

14-foot    wind- 
mill. 

3  windmills 

ao 

18 
22 
10 

60 
124 

50 

Centrifugal 

Menge  

Centrifugal 

10.68 
20.00 
17.82 

aoo 

50 

2,000 

50 

Rralny 

SO 

(Goodrich 

800 

505 
222 

160,000 
35,000 

60     Wavland 

25 

on 

Murray 

MarRueretta  .. 
Pecos  R.I. Co.. 
QrandFaUs 

8-foot      wind- 
mill, a 
Dam  and  ditch. 
do 

An 

40,000 
20,000 

$10 

5 

16 

1.50 

M 

.50 

64 

do 

1.25 

65 

El  Paso 

90.000 

3,000 

220,000 

2.00 

a  With  reservoir. 

In  looking  over  this  statement  probably  the  first  observation  that 
one  will  make  is  the  wide  diversity  of  costs  and  results.  This  is 
partly  accounted  for  by  the  fact  that  these  figures  are  for  the  most 
part  mere  estimates  and  are  open  to  the  suspicion  of  being  exagger- 
ated to  serve  individual  interests  in  one  case  or  another.  In  par- 
ticular the  volume  or  capacity  of  the  ditches  is  usually  overstated, 
and  concerning  the  pumps  very  little  is  known  beyond  the  maker's 
estimat'CS,  prepared  for  the  purposes  of  selling  his  machinery,  .fudging 
from  these  and  similar  statements,  the  first  and  annual  cost  of  water 
from  the  large  ditches  is  very  low,  being  from  110  to  $15  per  acre  for 
water  rights  and  from  50  cents  to  11.50  per  acre  for  annual  mainte- 
nance. The  cost  of  water  per  acre  by  pumping  is  usually  much  more, 
and  may  range  from  120  to  150  per  acre,  or  even  higher. 

The  small  cost  of  water  from  gravity  ditches  in  Texas,  as  well  as  in 
other  States,  is  more  apparent  than  real.  As  a  rule  the  larger  canal 
companies  base  their  selling  price  for  water  rights  upon  the  assumption 
that  the  work  will  cost  a  certain  sum  and  that  several  thousand  acres 
will  be  irrigated  and  subsequently  sold.  In  this  assumption  the  cor- 
porations have  often  been  disappointed,  the  work  costing  far  more 
than  anticipated  and  the  sales  of  water  right  with  or  without  land 
being  exceedingly  slow.  The  promoters  have  appreciated  the  fact 
that  these  lands  can  not  be  sold  unless  the  first  and  the  annual  cost 
of  water  is  kept  down  to  the  lowest  figure.     The  struggle  to  maintain 
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the  property  upon  the  small  returns  has  often  resulted  in  the  system 
going  into  bankruptcy  or  being  kept  in  very  poor  condition.  Some- 
timeSy  also,  the  estimated  supply  of  water  has  not  been  sufficient; 
and  thus,  from  one  cause  or  another,  the  landowners,  although  nomi- 
nally paying  a  small  price  for  their  water  rights  and  for  the  annual 
maintenance  of  these,  in  point  of  fact  ultimately  pay  a  very  large 
price  for  an  insufficient  supply.  This  should  be  borne  in  mind  in 
making  comparisons  between  the  cost  of  water  as  usually  given  by 
irrigation  companies  and  the  outlay  required  in  the  case  of  pumping 
machinery. 

The  expense  of  lifting  water  for  irrigation  must,  as  a  rule,  be  far 
greater  than  that  of  diverting  a  supply  by  gravity,  but  in  many  places 
circumstances  or  conditions  are  such  that  the  former  is  the  only 
method  practicable.  Where  considerable  areas  are  watered  and  the 
lift  is  small  the  extra  cost  may  be  more  than  comi>ensated  by  the  con- 
venience and  the  possibility  of  controlling  the  source  of  supply.  The 
pumping  plant  as  a  means  of  insurance  against  drought,  even  in 
humid  regions,  is  coming  to  be  recognized  as  a  good  investment.  If 
properly  protected  from  the  weather  it  may  stand  for  months  or  years 
without  use,  ready  in  times  of  deficient  rainfall  for  immediate  service 
in  saving  a  crop  that  otherwise  would  be  a  failure. 

One  of  the  notable  features  in  connection  with  pumping  is  the 
apparently  low  efficiency  attained  when  one  compares  the  amount  of 
water  which  it  is  claimed  a  pump  delivers  with  the  acreage  actually 
cultivated.  Two  reasons  for  this  are  apparent:  The  first  is  that  the 
pumps  may  not  be  run  to  their  full  capacity  or  the  water  may  not  be 
used  upon  as  large  an  area  of  ground  as  possible.  But  the  principal 
reason  often  lies  in  the  fact  that  the  capacity  of  the  pump  is  greatly 
overrated,  and  few  purchasers  ever  make  systematic  tests  of  the 
amount  of  water  actually  delivered.  Many  disappointments  have 
resulted  from  farmers  attempting  to  imgate  with  too  small  a  volume 
of  water.  They  have  assumed  that  the  pumps  were  delivering  a  cer- 
tain quantity,  say  2  cubic  feet  per  second,  when  in  fact  they  were 
raising  on  the  average  only  one-third  or  one-quarter  of  this.  It  is 
almost  impossible  to  judge  by  the  eye  as  to  the  amount  when  flowing 
in  a  pipe  or  trough,  and  they  have  declared  that  the  ground  was  not 
favorable  for  irrigation  when  in  reality  they  were  trying  to  accom- 
plish the  impossible  feat  of  spreading  water  from  a  stream  too  small 
to  traverse  the  ground.  The  real  source  of  trouble  has  not  been  with 
the  soil  or  the  method,  but  with  the  insufficient  supply.  This  diffi- 
culty might  be  remedied  by  the  construction  of  a  small  reservoir  or 
tank,  into  which  the  pumped  water  could  accumulate  for  a  few  hours 
and  from  which  a  stream  of  considerable  volume  could  be  drawn 
when  an  application  of  water  to  the  soil  was  to  be  made.  This  has 
often  been  neglected,  to  the  detriment  of  the  owner. 

The  amount  which  can  be  reasonably  expended  per  acre  in  procur- 
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ing  a  water  supply  for  irrigatioii  is,  as  stated  above,  a  problem  for 
which  no  general  rule  can  be  given.  Much  dex>ends  upon  the  char- 
acter of  the  crop,  and  particularly  upon -the  price  for  which  it  sells. 
If  there  is  always  a  good  market  for  the  produce,  the  next  considera- 
tion is  the  skill  of  the  irrigator.  The  man  who  is  thoroughly  experi- 
enced in  applying  water,  using  only  the  proper  amount,  can  often 
afford  to  pay  twice  as  much  for  it  as  can  his  neighbor  who  uses  a 
greater  quantity  and  obtains  a  smaller  yield. 

The  quantity  of  water  needed  varies  so  widely  that  broad  assump- 
tions must  be  made  in  order  to  prepare  any  estimate  of  cost.  Under 
ordinary  circumstances  it  maybe  said  that  an  amount  of  water  equal- 
ing 12  inches  in  depth  is  sufficient  in  Texas  for  a  crop  season.  In 
other  words,  an  acre-foot  of  water,  or  43,560  cubic  feet,  will  irrigate 
an  acre.  A  pump  delivering  at  the  rate  of  a  cubic  foot  per  second,  or 
448  gallons  per  minute,  will  give  nearly  1  acre-foot  in  twelve  h^ars. 
Assuming  that  this  water  can  be  held  in  a  reservoir  and  that  the 
pump  is  run  daily  for  one  hundred  days,  it  should  irrigate  100  acres. 
The  cost  of  water  rights  where  the  supply  is  assured  may  be  taken 
safely  at  115  per  acre,  or  for  100  acres  at  $1,500.  This  amount  under 
these  assumptions  would  be  a  fair  allowance  for  the  cost  of  a  pump- 
ing plant. 

The  annual  cost  of  maintenance  of  works  where  the  water  is  care- 
fully used  may  range  from  $1.50  to  $2  per  acre.  If  the  pump  above 
mentioned  furnishes  through  the  season  water  at  the  rate  of  1  acre 
per  day,  the  cost  of  operating  should  not  exceed  this  amount — $1.50 
to  $2.  This  sum  is  relatively  small  for  fuel  and  repairs,  and  could 
not  be  made  to  include  attendance,  and  therefore  it  is  necessary  or 
desirable  that  the  pumping  machinery  should  be  nearly  automatic 
and  not  require  constant  attention.  These  conditions  are  almost 
impossible  of  attainment.  Any  such  statement,  therefore,  serves  as  a 
standard  for  ideal  conditions  rather  than  as  an  example  of  what  may 
be  realized. 

The  growth  of  irrigation  in  Texas  has  been  retarded  not  so  much  by 
the  character  of  the  climate  or  soil,  or  by  any  natural  condition,  as 
by  artificial  obstacles,  partly  legal  but  consisting  mainly  in  the  lack 
of  training  of  the  farming  populat\pn.  What  is  needed  here,  as  in 
most  parts  of  the  Great  Plains  region,  is  men  who  know  how  to  irri- 
gate— ^how  to  produce  the  best  results  under  given  conditions.  In  the 
arid  regions,  where  farming  without  irrigation  is  impossible,  men 
learn  the  business  thoroughly;  but  where  a  small  amount  of  success 
can  be  attained  by  the  careless  tilling  of  large  areas  the  farmers  are 
apt  to  go  on  year  after  year  following  the  old  ways,  getting  a  crop  when 
the  seasons  are  good  and  trusting  to  chance,  hoping  in  years  of  drought 
that  the  next  season  will  be  better. 

By  the  development  of  small  irrigation  works  in  various  parts  of 
the  State  f^jjiQers  fare  becoming  accustomed  to  the  use  of  water  and 
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are  appreciating  the  benefits  to  be  derived  from  having  an  assured 
amount  of  water.  It  will  be  necessary,  however,  for  these  small 
plants  to  multiply  many  times  before  the  construction  of  large  works 
can  be  undertaken  with  fair  assurance  of  financial  success.  When 
by  the  multiplication  of  small  pumping  plants  in  various  localities  a 
considerable  body  of  successful  irrigators  has  been  established,  it  will 
be  possible  to  construct  great  canals  from  the  larger  rivers,  bringing 
water  to  thousands  of  acres  of  rich  lands,  and  to  dispose  of  water 
rights  at  remunerative  prices.  The  small  pumping  plants  may  there- 
fore be  considered  as  the  necessary  forerunners  of  more  economical 
and  ef&cient  systems  which  will  render  possible  a  dense  population 
along  the  fertile  valleys  where  now  farming  is  precarious  and  often 
unprofitable. 


IRRIGATION  SYSTEMS  IN  TEXAS. 


By  William  Ferguson  Hutson. 


GENERAL  STATEMENT. 

During  the  last  few  years  general  interest  has  been  aroused  in  irri- 
gation, and  its  importance  to  many  portions  of  Texas  is  being  better 
appreciated.  At  this  time  a  discussion  of  the  development  of  irriga- 
tion and  its  present  condition  may  afford  instructive  suggestions  not 
only  to  citizens  of  the  State,  but  to  persons  in  other  parts  of  the  coun- 
try. The  variety  of  geologic  and  climatic  conditions  and  the  mixed 
population  have  given  rise  to  many  methods  of  practice,  so  that  in 
Texas  there  may  be  found  representatives  of  nearly  every  system  of 
irrigation  occurring  in  the  United  States.  Every  degree  of  excellence 
may  be  noted,  from  that  of  modern  machinery  for  raising  water  down  v 
to  the  most  primitive  devices  for  supplying  it  to  the  field.  In  the  arid 
and  semiarid  portions  of  the  State  the  methods  of  the  early  Spanish 
settlers  are  employed.  Most  of  the  cultivation  is  done  by  Mexican 
laborers  or  tenants,  who  cling  to  the  old  systems.  Thus  on  most  of 
the  ditches  the  distribution  of  the  water  is  by  the  Spanish  method  of 
days  and  hours,  each  holder  of  a  water  right  having  the  use  of  the 
ditch  in  his  turn. 

The  methods  of  applying  the  water  are  usually  copied  from  those  of 
the  Mexicans,  which  consist  of  flooding  the  crops  by  means  of  little 
embankments  or  ridges  of  earth  from  6  inches  to  a  foot  in  height,  so 
arranged  as  to  convert  the  fields  into  checks  of  a  size  often  absurdly 
diminutive.  This  system  of  watering  has,  indeed,  been  very  largely 
modified  by  most  of  the  American  irrigators,  so  as  to  facilitate  the  use 
of  machine  tools  in  handling  the  crop;  but  the  water  is  still  waste- 
fully  used.  It  is  to  be  hoped  that  in  the  present  general  development 
of  irrigation  more  progressive  methods  will  be  inaugurated  for  both 
the  distribution  and  the  application  of  the  water. 

The  early  history  of  irrigation  in  Texas  is  hidden  in  the  unwritten 
annals  of  the  past.  Several  of  the  valleys  of  the  Trans-Pecos  country 
show  signs  of  having  once  supported  a  teeming  population.  The  lines 
of  their  irrigation  canals  can  yet  be  traced  for  miles,  while  arrow- 
heads, stone  implements  for  grinding  com,  and  other  relics  can  be 
found  in-  considerable  quantities.  It  must,  however,  be  left  to  the 
IRR  13 2  17 
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archsBologist  to  determine  who  these  aboriginal  irrigators  were  and 
the  probable  antiquity  of  their  work.  The  Pueblo  Indians  say  that 
these  ditches  were  made  by  the  Yuma  Indians,  who  were  driven  gradu- 
ally westward  by  the  Comanches  and  Apaches,  finally  settling  in  their 
present  home  on  the  Colorado  River.  On  the  Rio  Grande  below  El 
Paso  are  several  ditches,  which  are  probably  the  oldest  now  in  use  in 
the  United  States.  They  were  built  by  the  Pueblo  Indians,  who, 
according  to  their  traditions,  migrated  to  this  place  from  New  Mexico 
at  a  very  early  date,  certainly  before  the  advent  of  the  Spaniards 
under  Coronado.  This  explorer  mentions  finding  well-established 
systems  of  irrigation  among  the  Indians  in  this  vicinity  in  1540,  when 
he  passed  on  his  expedition  northward.  The  old  Spanish  mission 
ditches  around  San  Antonio,  mentioned  on  later  pages,  are  also  worthy 
of  note  as  among  the  oldest  in  the  United  States. 

RETARDATION  OF  DEVELOPMENT. 

Taking  into  consideration  the  climatic  conditions  and  the  object 
lesson  furnished  by  the  old  ditches,  it  is  somewhat  remarkable  that 
irrigation  has  not  been  more  generally  develox>ed  in  Texas;  The 
causes  for  the  slow  growth  of  this  method  of  agriculture  in  the  State 
as  a  whole  are  found  in  the  persistent  attempts  of  the  settlers  to  extend 
methods  of  farming  applicable  in  the  humid  East,  and  in  the  existkig 
laws  modeled  on  those  of  the  well-watered  region.  There  has  been  in 
Texas,  as  well  as  throughout  the  whole  of  the  Great  Plains  region  of 
the  United  States,  a  belief,  founded  upon  hope  and  the  representations 
of  interested  land  agents,  that  the  rainfall  would  increase  as  settlement 
progressed  and  tracts  were  brought  under  cultivation.  In  the  sub- 
humid  region  the  annual  fluctuations  of  water  supply  are  always  rel- 
atively large,  but  no  permanent  increase  is  shown  by  official  records. 
The  average  distribution  of  rainfall  in  the  western  part  of  the  State  is 
favorable  for  agriculture,  19  per  cent  of  it  coming  in  the  spring  and 
36  per  cent  in  the  summer,  but  in  spite  of  this  the  crops  are  often 
either  a  total  or  a  partial  failure.  In  the  country  near  the  arid  line 
this  is  the  case  about  three  years  out  of  every  four,  because  of  tiiie 
fact  that  a  drought  almost  invariably  occurs  during  the  growing  8e£k 
son,  rendering  useless  all  of  the  rain  that  f aUs  afterwards. 

Another  cause  of  delay  in  irrigation  development  has  inhered  in 
the  customs  of  the  people.  Their  chief  interests  have  been  in  cattle, 
and  the  results  of  so  many  years  of  nothing  but  stock  raising  have 
left  them  with  neither  the  knowledge  nor  the  inclination  for  the  labo- 
rious occupation  of  the  farmer. 

But  the  principal  bar  to  the  spread  of  the  industry  has  been  the 
unsatisfactory  condition  of  the  laws  relating  to  it.  So  long  as  the 
common-law  doctrine  of  riparian  rights  was  recognized  as  the  only 
one  having  any  force  in  the  State,  irrigation  on  a  large  scale  was  out 
of  the  question.    At  common  law  the  riparian  j>roprietor  is  entitled 
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to  have  the  water  flow  through  his  land  in  quanity  and  quality  as  it 
was  wont  to  do  when  he  acquired  the  title  thereto.  There  have  been 
several  instances  in  the  past  where  progressive  men  who  wished  to 
use  the  water  from  some  stream  on  their  lands  were  prevented  by 
actions  brought  or  threatened  for  infringement  of  the  riparian  rights 
of  the  owners  of  the  property  lower  down. 

In  1875  and  in  1888  laws  were  passed  by  the  legislature  for  the 
encouragement  of  irrigation  enterprises,  but  in  both  cases  they  proved 
inadequate.  In  1895  the  twenty-fourth  legislature  passed  a  new  law 
regulating  'Hhe  aquisition  and  use  of  water  for  irrigation,  mining, 
milling,  the  construction  of  waterworks  for  cities  and  towns,  and  for 
stock  raising.''  This  law  applies  only  to  those  portions  of  the  State 
in  which  ''by  reason  of  the  insufficient  rainfall,  or  by  reason  of  the 
irregularity  of  the  rainfall,  irrigation  is  beneficial  for  agricultural 
purposes."  By  this  law  the  unappropriated  waters  of  the  above- 
mentioned  portions  of  the  State  are  declared  to  be  public  property, 
and  provision  is  made  for  the  impropriation  of  the  same  by  private 
X>ersons  or  corporations  for  the  uses  mentioned  above.  The  riparian 
rights  of  a  person  owning  property  along  such  waters  are  recognized 
to  the  extent  that  the  waters  can  not  be  diverted  to  his  prejudice 
without  his  consent,  or  without  condemnation  proceedings  carried  on 
in  a  manner  similar  to  those  used  in  obtaining  land  for  public  pur- 
poses. The  appropriator  first  in  time  is  first  in  right.  The  law 
provides  ample  means  for  certifying  to  the  appropriation  and  for  reg- 
ulating and  protecting  the  corporations  which  may  be  organized  for 
the  purpose  of  using  the  waters  thrown  open  to  use  by  it.  This  mid- 
dle course,  in  regard  to  the  doctrine  of  riparian  rights,  is  that  adopted 
in  California,  Washington,  and  Oregon,  and  seems  to  have  been  suc- 
cessful in  those  States. 

In  1897  there  was  passed  by  the  twenty-fifth  legislature  a  joint  res- 
olution to  amend  the  constitution  of  the  State  by  adding  thereto  a 
section  which  provides  for  the  formation  of  irrigation  districts  with- 
out regard  to  county  lines.  Under  the  terms  of  this  such  districts 
could  only  be  formed  west  of  a  line  drawn  through  the  State  in  a 
general  north-south  direction  at  about  the  eastern  boundary  of  what 
is  here  described  as  the  semiarid  region.  This  amendment  proposed 
that  irrigation  districts  should  be  bodies  corx>orate  and  have  all  of 
the  rights  and  liabilities  of  ordinary  irrigation  corporations.  They 
might  issue  bonds  to  cover  cost  of  construction  of  their  irrigation 
works,  subject  to  the  same  restrictions  as  county  and  city  bonds. 
The  indebtedness  for  the  construction  of  irrigation  works  in  these 
districts  could  be  created  only  by  a  vote  of  the  majority  of  the  land- 
owners resident  in  the  district  and  having  lands  susceptible  of  irriga- 
tion by  the  proposed  works.  The  proposed  amendment  was  submitted 
to  a  vote  of  the  people  at  a  special  election  on  August  3, 1897,  but  was 
rejected  by  a  heavy  majority. 
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THE  USB  OP  WATER. 

The  **duty  of  water"  is  the  term  used  to  express  the  relation 
between  the  quantity  of  water  used  in  irrigation  and  the  area  upon 
which  it  is  employed.  The  present  duty  of  water  in  Texas  can  not 
be  ascertained  with  the  data  in  hand,  but  is  in  most  cases  very  low. 
The  duty  assumed  by  most  of  the  projectors  of  new  irrigating  enter- 
prises is  100  acres  to  the  second-foot.  This,  in  the  semiarid  section 
at  least,  ought  to  prove  sufficient,  for  by  the  time  the  amount  of  land 
under  irrigation  from  each  canal  reaches  the  maximum  the  people 
will  have  learned  how  to  use  the  water  more  economically  than  at 
first,  and  the  land  will  not  require  so  much.  A  careful  estimate  of 
the  amount  of  land  under  irrigation  in  Mexico,  just  across  the  inter- 
national border  at  Eagle  Pass,  gives  a  duty  of  137  acres  to  the  second- 
foot.  There  the  crops  are  mainly  corn  and  cotton,  the  latter  needing 
very  little  water. 

The  investigations  upon  which  this  discussion  is  based  revealed 
the  fact  that  there  are  in  the  State  not  only  a  great  variety  of  gravity 
systems  of  supplying  water  but  also  all  kinds  of  pumping  devices 
operated  by  steam  or  gasoline  engines  and  by  water  wheels  or  wind- 
mills. The  latter  are  of  more  importance  than  the  data  obtained 
would  seem  to  indicate.  Throughout  the  arid  and  semiarid  regions 
nearly  every  residence  has  its  windmill  to  pump  water  for  domestic 
uses,  the  surplus  of  which  is  often  used  to  irrigate  a  few  vegetables 
or  fruits  around  the  house.  Although  a  small  area  is  watered  by  each 
mill,  yet  the  aggregate  must  be  considerable.  Data  were  obtained 
from  the  few  plants  constructed  for  irrigation  use  only,  which  will 
give  an  idea  of  the  comparative  merits  of  windmills  as  a  source  of 
irrigation.  The  least  cost  of  a  windmill-irrigation  plant  was  found  to 
be  a  little  over  $16  for  each  acre  irrigated,  the  largest  area  watered 
by  one  wheel  being  30  acres.  This  is  in  the  humid  portion  of  the 
State.  In  the  arid  portion  half  that  amount  is  all  that  can  be  sup- 
plied. The  average  cost  is  about  $47  for  each  acre  irrigated,  and 
the  area  commanded  by  each  wheel  amounts  to  only  about  7  acres. 

The  number  of  acres  irrigated  from  each  steam  or  pumping  plant 
varies  from  5  to  1,000.  The  cost  of  these  irrigation  plants  ranges 
from  $16  to  $50  for  each  acre  irrigated.  The  efficiency  of  most  of  the 
pumping  plants  could  and  should  be  very  largely  increased.  There 
is  a  great  lack  of  experience  shown  in  the  management  of  many 
of  them,  and  consequently  they  have  not  been  operated  at  any- 
thing like  their  full  capacity  or  made  to  pay  a  reasonable  dividend 
on  the  money  invested.  Few  of  them  have  reservoirs  into  which  to 
pump  the  water;  thus  they  can  be  used  only  while  the  actual  irriga- 
tion is  going  on,  whereas  to  be  operated  economically  they  should  be 
run  day  and  night,  at  least  during  the  irrigating  season.     There  are 


HDTBOM.]  UNITS   OF   MEASUREMENT.  21 

a  number  of  plants  in  the  State  with  a  capacity  of  as  much  as  2,500 
gallons  of  water  per  minute.  Such  a  plant,  if  worked  to  its  full 
capacity,  will  give  a  stream  equal  to  5.57  second-feet.  Allowing  one- 
third  for  loss  by  seepage  and  evaporation,  there  is  left  3.7  second-feet. 
The  usual  duty  of  water  is  estimated  at  100  acres  to  the  second-foot, 
but  in  new  irrigation  districts  it  very  often  amounts  to  only  half  as 
much.  Even  with  this  low  estimate  there  should  be  more  than  180 
acres  irrigated  from  the  plant.  Such  a  plant,  it  is  estimated  by  H.  M. 
Wilson,  can  be  erected  for  $5,000;  this  will  give  a  cost  of  $28  per  acre 
irrigated. 

For  estimating  the  quantity  of  water  used  in  irrigation,  various 
units  of  measurement  are  employed.  For  bodies  of  standing  water 
the  cubic  foot,  or,  where  that  is  too  small  a  unit,  the  "acre-foot"  is 
used.  The  latter  is  the  quantity  of  water  that  will  cover  an  acre  of 
ground  1  foot  deep,  or  43,560  cubic  feet.  The  gallon  is  also  very 
largely  used  for  stationary  bodies  of  water  and  for  pumping  plants, 
especially  those  for  municipal  supply.  In  considering  flowing  water 
some  unit  must  be  used  which  expresses  the  capacity  of  the  stream  in 
a  given  period  of  time.  That  most  commonly  used  is  the  second-foot, 
or  the  number  of  cubic  feet  of  water  which  flow  by  in  a  second  of 
time.  The  "miners'  inch,"  so  generally  quoted  in  California  and 
Colorado,  is  not  used  in  this  State.  In  the  following  table  are  given 
some  convertible  units  of  measurement: 

Units  of  measurement  used  in  irrigation,  with  equivalents, 

1  cubic  foot =0.0283  cubic  meter =7.48  gaUons. 

1  cubic  foot  of  water  weighs  62.4  pounds. 

1  second-foot =449  gallons  per  minute =26, 980  gallons  per  hour. 

1  second-foot =50  California  miners'  inches. 

1  second-foot=40  Arizona  miners*  inches. 

1  second-foot  for  one  day =1.9835  acre-feet. 

1  second-foot  for  one  day =646,317  gall6ns. 

1  second-foot  of  water  falling  10  feet  gives  1. 135  horsepower. 

1  horsepower  is  given  by  1  second-foot  of  water  falling  8.8  feet. 

1  gallon  of  water =231  cubic  inches =0.18368  cubic  foot,  and  weighs  8.34  pounds. 

1,000  gaUons  per  hour =0.037  second-foot 

1,000,000  gallons=3.07  acre-feet. 

1,000,000  gallons  per  twenty -four  hours  =:  1.55  second-feet. 

1  acre =43,560  square  feet,  or  nearly  209  feet  square. 

1  acre-foot=325,850  gallons. 

DISTRIBUTION  OP  RAINFALL. 

The  most  important  element  of  climate  in  its  relation  to  the  present 
discussion  is  precipitation.  In  Texas  the  rainfall  is  grreatest  in  the 
eastern  portion  of  the  State  and  decreases  steadily  toward  the  west. 
This  decrease  is  at  the  rate  of  about  4  inches  every  60  miles,  being 
about  50  inches  in  the  extreme  east  and  9  inches  at  El  Paso.     The 
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isohyetala,  or  lines  of  equal  precipitation,  ran  Idirough  the  State  in  a 
general  north-south  direotion,  as  shown  by  the  map,  fig.  1. 

The. customary  definition  of  '^arid  region"  is  one  having  less  than 
20  inches  of  mean  annual  rainfall.  This,  however,  is  not  sufficiently 
complete,  for  it  does  not  take  into  account  the  distribution  of  the  rain 
throughout  the  year.  In  certain  parts  of  the  country,  where  the 
greater  portion  of  the  precipitation  occurs  during  the  crop  season, 
wheat  and  other  cereals  are  successfully  raised  when  the  rainfall  is 
far  less  than  20  inches;  while  in  other  parts  of  the  United  States,  as, 
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Fia.  1.— Index  map  of  Texiu. 


for  example,  near  the  Pacific  coast,  where  the  greatest  precipitation 
occurs  during  the  winter  months  and  the  summers  are  practically 
rainless,  irrigation  is  necessary  during  a  part,  at  least,  of  the  crop 
season.  Thus  the  distribution  by  months  is  almost  as  imx)ortant  an 
element  as  the  total  quantity  occurring  during  the  year. 

The  accompanying  diagram,  fig.  2,  shows  the  quantity  and  average 
distribution  of  rainfall  by  months  at  a  number  of  selected  stations 
fairly  typical  of  the  State  as  a  whole.  The  first  of  these  is  Galveston, 
on  the  coast,  in  the  eastern  part  of  the  State.     Here  the  average 


xnwr]  DtSTBIBUTIOlI  OF   BAtNFALL.  2$ 

ninf^  for  twenty-seven  years  is  49.6  inches.  As  shown  by  the  dift- 
KTtun,  the  months  of  heaviest  preoipitation  are 
September  and  An^st,  bnt  in  every  month 
except  Febmary  an  average  of  over  3  in<^es  of 
rain  has  fallen.  This  ie  fairly  typical  of  the 
distribution  of  rainfall  along  the  Gnlf  coast. 
The  diagram  next  above  this  is  for  Austin, 
where  the  average  rainfall  for  thirty-nine  years 
is  33.4  inches.  Here,  also,  there  is  an  excess  of 
precipitation  in  September,  and  a  second  maxi- 
mum in  Hay.  Relatively  to  these  months, 
June,  July,  and  August  are  somewhat  dry;  bat 
in  every  month  throughout  the  year  there  has 
fallen  an  average  of  over  2  inches  of  rain. 

The  next  diagram  in  fig.  2  above  that  for 
Austin  is  that  for  Fort  Clark  or  Braokettville. 
This  is  constructed  from  the  average  for  twenty- 
nine  years.  The  mean  annual  rainfall  is  22.7 
inches.  Fort  Clark  is  remote  from  the  coast, 
and  the  distribution  of  its  rainfall,  though 
somewhat  similar  to  that  at  Austin,  having 
maxima  in  September  and  May,  shows  reduc- 
tion in  quantity,  espeoially  during  the  winter 
months.  Next  above  the  diagram  for  Fort 
Clark  is  that  for  Fort  Elliott,  situated  far  up 
in  the  Panhandle  of  Texas,  near  the  Oklahoma 
line.  Here  the  quantity  and  distribution  are 
fairly  typical  of  the  Great  Plains  area.  The 
diagram  is  derived  from  the  mean  of  observa- 
tions extending  over  eleven  years  and  giving 
an  annual  average  of  23.2  inches.  The  month 
of  greatest  rainfall  is  May,  September  being 
below  the  average.  The  rainy  season  may  be 
said  to  extend  from  April  to  August. 

In  the  upper  part  of  fig.  2  are  two  diagrams 
illustrating  the  typical  distribution  of  rain  in 
Trans-Pecos  Texas.  This  has  been  named  by 
General  Greely  the  Mexican  type  of  rainfall.' 
In  these,  particularly  in  the  diagram  for  Fort 
Davis,  obtained  from  twenty-six  years'  obser- 
vations, the  rainfall  is  seen  to  increase  regu- 
larly from   February  to  August  and  then  to 

decrease  rapidly  to  the  end  of  the  year.     The    '"'■  8--D<»«p«nw  o<  o"" 
,      ,  ,,  .....  -,      .  monthly   rminfKll  M  six 

greater  part  of  the  precipitation  occnrs  dnnng      statioiis. 
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June,  July,  August,  and  September,  at  the  time  when  most  needed 
by  many  crops.  The  diagram  for  El  Paso,  from  thirty-six  years' 
averages,  shows  a  relatively  uniform  but  small  precipitation  through- 
out the  year,  with  the  exception  of  the  months  of  July,  August,  and 
September. 

CLIMATIC  AND   GEOGRAPHIC  DIVISIONS. 

In  order  to  discuss  the  present  condition  and  development  of  irri- 
gation in  Texas  it  is  essential  to  pursue  some  systematic  order  of 
arrangement  based  upon  climatic  or  geographic  factors.  The  simplest 
arrangement  is  that  of  taking  first  the  humid  region,'Or  that  having 
40  inches  or  over  of  rainfall;  next  the  subhumid,  with  from  30  to  40 
inches;  then  the  semiarid,  with  from  20  to  30  inches  of  rain;  and  last 
the  more  arid  portions,  having  less  than  20  inches  of  annual  precipi- 
tation, this  being  in  the  western  part  of  the  State,  and  including  the 
Panhandle  and  Trans-Pecos  legions.  The  greater  part  of  the  irriga- 
tion works  are,  however,  in  the  southern  half  of  the  State,  or  near 
the  coast,  and  these  divisions,  especially  those  of  subhumid  and  semi- 
arid,  extending,  as  they  do,  in  a  north-south  direction,  though  simple, 
do  not  afford  a  wholly  satisfactory  grouping.  In  the  central  part  of 
the  State  the  irrigation  works  are  small,  and  there  is  no  essential  dif- 
ference between  those  in  the  more  humid  and  those  in  the  semiarid 
areas.  In  fact,  the  actual  amount  of  annual  precipitation  has  less  to 
do  with  the  necessity  for  artificially  applying  water  than  the  local 
conditions  of  soil  and  character  of  crops. 

From  the  above-mentioned  conditions  it  has  been  found  desirable 
to  adopt  a  somewhat  arbitrary  classification,  based  partly  upon  the 
distribution  of  rainfall  and  partly  upon  geographic  position.  In  the 
following  pages,  therefore,  a  description  will  first  be  given  of  the  irri- 
gation plants  in  the  humid  area  near  the  coast,  particularly  those 
lying  within  50  miles  or  more  of  Galveston.  Next  in  order  are  the 
small  irrigation  projects  scattered  about  the  center  of  the  State  from 
the  humid  areas  east  of  Brazos  River  westward  nearly  to  the  borders 
of  the  arid  region  and  southward  to  the  vicinity  of  Austin  and  San 
Marcos.  The  third  division  is  taken  to  include  the  old  irrigation 
works  at  San  Antonio,  with  small  irrigation  projects  found  at  inter- 
vals down  to  the  coast.  Next  in  order  to  these  are  the  irrigation 
works  planned  or  constructed  along  the  Nueces  River  and  the  lower 
Rio  Orande.  The  fifth  division  to  be  considered  is  that  of  the  Llano 
Estacado  and  adjacent  areas,  including  the  greater  part  of  Panhandle 
Texas;  then  the  lands  watered  by  the  Pecos  River,  and  finally  the 
irrigation  works  in  Trans-Pecos  Texas,  extending  to  the  extreme  west- 
erly end  at  El  Paso. 
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DESCRIPTION  OP  IRRIGATION  WORKS  AND  PROJECTS. 

EASTERN  GULF   COAST  REGION. 

The  hnmid  part  of  the  State  may  be  considered  as  that  having  a 
mean  annual  precipitation  of  40  inches  or  more.  This  comprises  the 
greater  part  of  the  State  east  of  the  city  of  Dallas  and  of  the  lower 
Brazos  River.  The  rainfall  over  this  area  is  usually  abundant,  and 
irrigation  in  the  northern  and  central  portions  of  this  humid  region 
will  not  probably  become  of  any  considerable  importance,  but  in  the 
southern  end,  along  the  coast,  there  exist  large  tracts  of  land  adapted 
to  rice  growing,  and  the  greater  portion  of  this  will  probably  be  used 
for  this  purpose. 

This  land  is  mostly  a  flat  prairie,  locally  called  swale  land,  covered 
with  a  coarse  growth  of  grass  and  having  such  a  gentle  slope  toward 
the  sea  as  to  be  but  little  removed  from  a  marsh  during  a  large  part 
of  the  year.  It  extends  inland  for  several  miles  and  is  cut  by  numer- 
ous bayous,  in  which  the  tides  from  the  Gulf  ebb  and  flow  and  the 
waters  gradually  become  brackish  as  they  near  the  Gulf.  Most  of  the 
rice  farms  lie  along  these  bayous,  and  from  them  the  principal  sup- 
ply of  water  is  derived.  The  farms  are  so  located  as  to  insure  a  sup- 
ply of  fresh  water.  The  soil  along  the  bayous  is  much  richer  than 
the  prairies  and  yields  heavier  crops. 

The  manner  of  cultivating  and  irrigating  is  very  different  from  the 
South  Carolina  system,  where  the  water  is  held  by  artificial  storage 
reservoirs  or  raised  above  the  level  of  the  fields  by  the  action  of  the 
ocean  tides,  which  back  up  the  flow  of  the  rivers  at  each  tide  to  a 
height  suf&cient  to  reach  the  fields.  In  this  part  of  Texas  storage  res- 
ervoirs are  used  in  only  a  few  cases,  most  of  the  fields  being  supplied 
by  pumps  placed  on  the  banks  of  the  bayous  and  operated  by  steam 
power.  The  land  is  laid  off  in  much  the  same  way  as  on  the  eastern 
plantations.  The  work  in  this  State  is  newer  and  therefore  rougher, 
but  the  main  features  are  the  same.  The  fields  are  surrounded  by 
low  levees  to  hold  the  water  on  the  land,  and  are  ditched  to  permit 
drainage  at  the  lowest  point. 

Nearly  all  of  the  land  planted  with  rice  is  irrigated,  as  those  who 
have  attempted  to  grow  it  without  irrigation  have  lost  their  crops  two 
years  out  of  five  and  made  only  very  short  crops  during  the  other 
three  years.  As  previously  stated,  the  water  is  supplied  to  the  fields 
by  pumps  run  by  steam  power,  rotary  pumps  of  the  Menge  pattern 
being  most  frequently  used.  These  are  operated  by  engines  of  from 
10  to  70  horsepower  or  more,  and  have  a  pumping  capacity  of  from 
1,500  to  8,000  gallons  per  minute,  or  from  3.34  to  17.82  second-feet. 
The  lift  varies  from  9  to  12  feet,  and  the  pumps  are  run  night  and 
day  during  the  irrigating  season,  which  lasts  from  sixty  to  ninety 
days,  thus  delivering  from  400  to  3,000  acre-feet  of  water.  For  the 
prairie  farms  the  water  is  carried  in  canals,  either  on  the  surface  or 
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excavated  but  little  below  it  and  confined  by  levee  wallfi  on  eaoh  side, 
for  a  distance  sometimes  of  1^  miles. 

The  area  in  rice  is  increasing  rapidly.  One  planter,  Mr.  J.  E.  Brons- 
sard,  of  Beaumont,  has  750  acres  this  season  (1897),  whereas  last  sea- 
son he  had  but  250  acres.  He  estimates  that  the  total  ariea  watered 
from  Taylors  Bayou  alone,  in  Jefferson  County,  in  1897,  was  8,500  acres. 
From  his  statements  the  following  facts  were  derived:  Planting  of 
early  rice  is  begun  in  March,  from  about  the  15th  to  the  25th,  if  ground 
and  weather  are  suitable,  and  continued  until  the  1st  of  June.  Many 
persons  plant  as  late  as  the  15th  of  June,  but  this  is  probably  too  late 
to  make  a  good  crop.  As  soon  as  the  rice  is  up  to  a  height  of  6  or  8 
inches,  if  the  ground  becomes  too  dry  for  it  to  grow  well,  the  usual 
practice  is  to  give  it  a  good  soaking,  but  not  to  hold  the  water  very 
deep  upon  it  the  first  time.  As  soon  as  the  rice  becomes  well  rooted, 
the  land  is  flooded  and  the  attempt  is  made  to  keep  it  in  this  condi- 
tion until  the  rice  is  ready  for  harvest.  Most  farmers  turn  the  water 
off  about  two  weeks  before  harvesting,  although  there  is  considerable 
difference  in  this  matter.  The  size  of  field  inclosed  under  each  set  of 
levees  depends  altogether  on  the  lay  of  the  land;  if  very  level,  there 
may  be  as  much  as  50  acres  in  one  '^cut,"  but  where  the  land  has 
much  fall  the  average  piece  under  one  set  of  levees  will  be  about  5  to 
8  acres.  The  lands  are  so  level  that  when  the  water  is  from  4  to  6 
inches  deep  over  the  lowest  part  it  wiU  wet  the  highest  portions.  The 
depth  of  flooding  rice  in  this  section  is  about  5  or  6  inches;  some 
farmers  prefer  deeper  water,  while  others  do  not  care  for  so  much. 
Experience  has  shown  that  when  water  is  held  very  deep  on  rice  all 
the  time  the  quality  of  the  grain  is  not  so  good;  it  is  sufficiently  heavy 
but  is  somewhat  ''  chalky."  There  are  several  farms  that  have  from 
500  to  1,000  acres  under  cultivation  in  rice.  The  average  yield  is 
reported  to  be  40  bushels  to  the  acre  of  rough  rice,  or  10  barrels  of 
clean.  One  hundred  pounds  of  rough  grain  will  make  about  72  i)ounds 
of  clean  rice. 

Mr.  F.  H.  Catron,  of  Orange,  has  been  one  of  the  most  successful 
planters.  He  has  been  irrigating  since  1891  with  a  Menge  pump, 
operated  by  a  50-horsei>ower  steam  engine,  pumping  from  a  bayou 
into  a  surface  ditch  1  mile  long  and  20  feet  wide,  the  lift  being  about 
8  feet.  The  total  cost  of  the  canal  levees  and  ditches  was  $5,000,  and 
the  engine  and  other  parts  of  the  pumping  plant  cost  $1,500.  The 
pumping  capacity  is  5,000  gallons  per  minute,  or  11.14  second-feet. 
In  1896  he  irrigated  500  acres  of  rice. 

Irrigation  of  orchards  and  gardens  is  resorted  to  in  this  humid 
region,  particularly  in  the  vicinity  of  Galveston  and  Houston.  This 
is  due  largely  to  the  fact  that  artesian  water  can  be  had,  and  the  land 
is  so  nearly  level  that  water  can  be  readily  applied.  In  spite  of  the 
abundant  rainfall,  experience  has  shown  that  fruit  and  garden  crox)s 
are  greatly  improved  in  quantity  and  quality  by  the  application  of 
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moisture  during  a  portion  of  the  year,  particularly  at  times  of  sum- 
mer drought.  Operations  on  a  considerable  scale  have  not  been 
attempted,  but  many  small  gardens  are  being  watered.  Nearly  all  of 
this  land  requires  drainage,  and  this  is  especially  the  case  when  irri- 
gation is  introduced.  The  prairie  land  in  this  region  is  not  notably 
rich,  but  it  is  easily  worked,  and  as  a  rule  ground  water  is  near  the 
surface. 

The  source  of  water  for  the  city  of  Galveston  is  at  the  suburban 
town  of  Alta  Loma,  18  miles  distant  from  Galveston.  Here  are  27 
wells  7  inches  in  diameter  and  3  wells  9  inches  in  diameter,  from  750 
to  850  feet  deep,  all  located  in  a  direct  north-south  line,  300  to  750  feet 
apart,  making  a  total  distance  from  end  to  end  of  16,350  feet.  The 
wells,  at  2  feet  above  the  ground,  showed  a  static  pressure  of  from  5 
to  7  pounds  per  square  inch.  Water  is  derived  from  several  horizons, 
and  the  combined  flow  is  12  million  gallons  per  day,  or  18.60  second- 
feet.  The  pressure  is  sufficient  to  deliver  5  million  gallons  daily,  or 
7.73  second-feet,  at  the  city  of  Galveston,  18  miles  away,  through  a 
dO-inch  pipe  having  a  fall  of  1  foot  to  the  mile.  A  portion  of  this 
30-inch  pipe  is  depressed  about  10  feet  for  a  distance  of  2^  miles,  from 
the  mainland  to  the  island,  under  West  Galveston  Bay.  These  wells 
have  been  flowing  for  three  years.  The  cost  for  the  installation  of 
the  entire  plant  was  $790,000.  Analysis  shows  that  the  water  is 
usually  pure,  and  the  people  of  Galveston  are  highly  gratified  in 
having  a  water  supply  of  such  excellence.^ 

The  water-bearing  strata  underlying  this  portion  of  Texas  are  so 
uniform  in  character  that  contractors  do  not  hesitate  to  guarantee  a 
flow  of  from  25,000  to  50,000  gallons  daily,  or  0.04  to  0.08  second-feet, 
for  a  specified  size  of  well  at  any  point  in  or  near  Galveston  County. 
There  are  5  artesian  wells  at  and  about  Clear  Creek,  1  atSheU  Siding, 
10  in  the  vicinity  of  Dickinson,  2  at  North  Galveston,  1  at  Texas  City, 
several  at  Hitchcock,  2  or  3  at  Alta  Loma  in  addition  to  those  already 
mentioned,  and  2  at  Arcadia,  making  a  total  of  not  fewer  than  55  for 
the  county.  In  some  localities  sufficient  flow  for  smaller  wells  is 
obtained  at  a  depth  of  490  feet,  though  occasionally  the  extreme 
depth  of  from  1,000  to  1,100  feet  is  required. 

Water  for  irrigation  is  also  provided  by  using  windmills.  There  is 
a  stratum  of  water-bearing  sand  at  a  depth  of  from  30  to  60  feet 
which  furnishes  an  abundant  supply  for  irrigation  by  the  smaller  land 
holders  and  market  gardeners.  For  example,  Mr.  H.  Sampson,  an 
OFchardist  near  Alvin,  has  a  surface  well  12  inches  in  diameter  and 
36  feet  deep,  in  which  he  put  an  8-ineh  tubing.  He  asserts  that  from 
15,000  to  30,000  gallons  can  be  pumped  from  it  daily  by  a  windmill  of 
sufficient  size.  Within  the  town  limits  of  Alvin,  Mr.  W.  H.  Nash  has 
a  similar  well  which  he  states  has  never  been  pumped  dry  by  a  10-foot 
windmilL    He  irrigates  all  the  berry  and  garden  crops  which  he 
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thinks  it  advisable  to  grow  in  between  the  trees  of  a  10-a(^e  bearing 
pear  orchard. 

This  will  convey  a  brief  but  positively  reliable  idea  of  the  under- 
lying water  supply  of  the  Texas  coast  for  irrigation  purposes.  It 
remains  to  add  a  word  concerning  the  use  of  water  for  irrigation  pur- 
poses in  this  section.  The  structure  of  the  soil  is  somewhat  peculiar 
in  that  it  is  naturally  subirrigated;  that  is  to  say,  there  is  plenty  of 
water  within  from  7  to  15  feet  of  the  surface.  An  ordinary  barn- 
yard well  does  not  exceed  in  most  instances  10  to  12  feet  in  depth. 
Almost  all  the  varieties  of  trees  planted  in  the  orchards  here  readily 
send  their  roots  to  this  and  greater  depths,  and  hence  for  commercial 
orchards  irrigation  is  not  essential.  This  is  especially  true  if  timely, 
judicious,  and  frequent  cultivation  be  given.  With  the  berry  grower 
and  market  gardener  the  conditions  are  different.  His  crops  must  be 
made  within  a  specified  period  to  obtain  the  best  results  and  greatest 
returns.  To  accomplish  this  it  is  essential  that  a  good  supply  of  water 
be  at  command  to  force  the  crops  when  conditions  of  great  heat  and 
drought  develop.  At  the  same  time  it  should  be  noted  that  perhaps 
90  per  cent  of  the  berry  growers  and  gardeners  have  not  yet  provided 
irrigation  works,  and  they  have  been,  in  a  measure,  doing  business 
with  a  small  but  very  uncertain  margin  of  profit.  They  have  hoped 
each  year  that  it  would  not  be  necessary  for  them  to  irrigate.  Two 
successive  seasons  of  drought,  however,  have  induced  them  to  prepare 
to  avail  themselves  of  the  ample  supply  of  water.  Within  two  years 
from  this  time  probably  the  greater  part  of  the  most  intelligent  berry 
and  truck  growers  will  be  fully  equipped  with  an  irrigation  plant  of 
some  description. 

The  advantages  of  having  irrigation  facilities  were  abundantly 
illustrated  in  1896.  Those  who  had  such  equipments  were  not  only 
selling  more  products  at  the  same  time  that  their  neighbors  were 
offering  theirs,  but  were  selling  long  and  profitably  after  their  iess 
fortunate  competitors  could  not  produce  sufficiently  to  make  an 
attempt  at  marketing  advisable.  This  is  esi)ecially  noteworthy  in 
the  case  of  the  strawberry  growers  in  the  coast  country. 

CENTRAL  TEXAS. 

This  second  division  has  been  arbitrarily  drawn  to  include  the  irri- 
gation plants,  mostly  small  in  size,  situated  within  the  central  part  of 
Texas,  from  about  the  vicinity  of  Brazos  Biver  westerly  to  the  edge 
of  the  arid  region,  and  from  the  vicinity  of  Austin,  on  the  south, 
northerly  through  the  State.  This  area  falls  between  the  lines  of 
mean  annual  precipitation  of  20  and  40  inches,  and  thus  includes  the 
tract  of  country  having  suf&cient  rainfall  to  raise  crops  in  ordinary 
seasons.  The  precipitation  is  fairly  uniformly  distributed  by  months, 
as  shown  by  the  diagram  of  mean  monthly  rainfall  at  Austin  in  fig.  2 
(p.  23).    The  black,  waxy  soil  which  covers  a  considerable  i)ortion  of 
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this  district  is  retentive  of  moisture  and  resists  droughts,  as  does  the 
land  along  the  Brazos  and  Colorado  river  bottoms,  located  mainly 
within  this  area.  The  region  to  the  south  and  southeast  of  Austin, 
although  having  the  same  mean  annual  precipitation,  has  not  been 
included  in  this  division,  because  the  rapidly  increasing  temperature 
toward  the  Gulf,  as  well  as  the  different  character  of  the  soil,  renders 
irrigation  somewhat  more  essential  and  its  development  is  more  nearly 
comparable  to  that  of  the  arid  region  to  the  west. 

In  this  central  portion  of  Texas,  where  crops  are  raised  successfully 
each  year,  irrigation  is  not  felt  to  be  a  necessity  except  by  ^ruck 
farmers  and  nursery  men,  and  many  of  these  have  introduced  it  in  a 
somewhat  experimental  way.  The  results,  however,  demonstrate  its 
value,  and  this  method  of  cultivating  the  soil  is  being  extended. 
Water  is  usually  obtained  from  a  well  or  small  storage  reservoir,  and 
pumx)ed  by  means  of  a  windmill,  or  occasionally  by  a  small  steam 
engine. 

The  most  easterly  of  the  irrigation  works  in  this  section  are  those 
at  Mexia,  near  the  head  of  Navasota  River,  a  tributary  of  the  Brazos, 
and  near  Bryan,  on  Brazos  River,  at  the  State  Agricultural  and 
Mechanical  College.  At  this  latter  point  storm  waters  are  impounded 
in  a  reservoir  formed  by  building  an  earthen  dam  10  feet  in  height 
and  100  feet  long  across  a  small  draw.  This  covers  about  1  acre,  and 
from  it  so  far  about  7  acres  have  been  regpalarly  irrigated,  the  crops 
watered  being  garden  truck  and  alfalfa.  In  addition  to  the  storm 
waters,  the  reservoir  is  so  situated  as  to  receive  the  waste  water  from 
the  college  ice  factory  and  from  the  natatorium  when  necessary,  but 
as  this  water,  coming  from  an  artesian  well,  carries  in  solution  con- 
siderable mineral  matter,  it  is  not  allowed  to  enter  the  reservoir  to 
any  considerable  extent. 

At  Mexia,  in  Limestone  County,  J.  W.  Stubenrauch  has  been  very 
successful  in  the  use  of  a  small  irrigation  plant  for  fruits  and  vegeta- 
bles. This  consists  of  a  dam  across  a  ravine,  catching  the  storm 
waters  and  forming  a  tank  covering  about  an  acre  of  ground.  From 
this  the  water  is  lifted  to  a  height  of  25  feet  by  an  8-foot  windmill 
into  an  earthen  reservoir  50  feet  long  and  100  feet  wide.  This  reser- 
voir is  now  being  enlarged  to  have  double  the  present  capacity.  The 
total  cost  of  the  system  was  $300,  including  700  feet  of  piping;  7  acres 
have  been  irrigated,  but  it  is  estimated  that  15  acres  could  be  watered. 
Mr.  Stubenrauch  is  also  putting  in  another  system  with  a  reservoir 
covering  an  acre  of  ground,  the  dam  having  a  height  of  5  feet  above 
the  outlet  pipe,  for  filling  which  he  will  use  a  12-foot  wheel.  This  he 
expects  will  enable  him  to  irrigate  30  acres  at  one  time.  He  states 
that  the  total  cost,  including  600  feet  of  2-}^-inch  pipe  for  discharging 
the  water  into  the  reservoir,  was  $485.  He  pumps  from  a  storage 
tank  made  by  damming  a  big  ravine. 

In  the  northern  end  of  this  district — that  is,  north  of  the  Colorado 
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River — irrigation  l8  little  practiced.  There  is  a  'well-developed  plan 
to  irrigate  a  large  tract  of  exceptionaUy  fertile  land  in  the  Wichita 
River  Valley.  The  storm  flow  of  thia  river  is  to  be  stored  at  a  favor- 
able site  about  midway  of  its  course.  The  catchment  area  above  this 
storage  basin  will  be  about  14^  million  acres.  The  area  to  be  irrigated 
is  about  270,000  acres. 

Careful  flood-flow  determinations  indicate  that  the  supply  ia  largely 
in  excess  of  requirements.  The  r^on  has  a  rainfall  of  abont  38 
inches,  which  it  is  necessaiy  merely  to  supplement.  That  is,  the  duty 
of  wjter  here  will  be  comparatively  large.  In  fact,  the  greater  part 
of  the  area  is  at  present  utilized  as  farm  land.  But,  though  the  luids 
are  rich  and  easily  tillable  and  the  average  yield  is  eonsiderable, 
there  is  yet  a  disastrous  variability  of  yield  on  account  of  droughts. 
Therefore,  relating  to  a  subhumid  rather  than  to  an  arid  r^on,  the 
project  wQl  have  this  advantage  over  irrigation  undertakings  in  the 
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arid  lands  proper,  that  the  amount  of  water  needed  for  abundant  crop 
yield  is  comparatively  small.  The  plan,  which  has  been  developed 
fully,  is  based  upon  careful  and  elaborate  engineering  work.  Before 
the  present  reservoir  site  was  chosen,  other  possible  sites,  along  the 
Pease  River  to  the  north  and  the  Brazos  River  to  the  south,  were 
examined  with  a  view  to  diversion  of  these  streams  to  the  same  lands. 
The  present  selection  appears  to  be  an  exceptionally  fortunate  one. 
The  depth  to  bed  rock  at  the  dam  site  is  slight  and  the  river  valley 
here  is  constricted  to  a  canyon. 

The  dam  is  to  be  of  earth,  80  feet  high,  designed  to  hold  water  to  a 
depth  of  70  feet.  Both  spillway  and  outlet  are  to  one  side,  well  away 
from  the  dam — the  spillway  over  bed  rock,  the  outlet  through  a  tun- 
nel in  bed  rock.  The  capacity  of  the  reservoir  will  be  about  12,000 
million  cubic  feet,  or  about  275,000  acre-feet.  There  will  be  two 
canals,  designed  to  irrigate  both  slopes  of  the  Wichita  Valley.  At 
their  head  these  canals  will  have  a  width  at  bottom  of  40  feet,  a  depth 
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of  8  feet,  and  a  grade  of  1  foot  to  6,000  feet.   The  total  cost  is  estimated 
at  a  litUe  over  11,000,000. 

Careful  determinations  of  flood  flow  made  by  the  company's  engi- 
neer, Mnrray  Harris,  indicate  that  the  supply  is  much  more  than 
ample.    They  are  as  follows: 

Acre>feet. 

During  the  first  week  in  January,  1897 ,  about 59, 687 

From  March  28  to  April  4, 1897,  about 98,714 

From  April  25  to  April  29, 1897,  about 174,472 

From  April  29  to  May  15, 1897 880,579 

Total - 863,452 

Farther  south,  near  Brazos  River,  in  Young  County,  not  far  from 
Graham,  are  reported  two  small  gardens  irrigated  by  windmills,  such 
as  are  found  scattered  all  through  the  semiarid  region. 

The  Lytle  Water  Company,  in  1897,  began  to  build  a  dam  across 
Lytle  Creek  at  Abilene,  in  Taylor  County,  the  main  object  being  to 
famish  good  water  to  the  town,  but  it  is  also  expected  to  irrigate  300 
acres  by  a  canal  1^  miles  long.  The  dam  is  of  earth,  riprapped  with 
rock  on  the  inner  slope  and  sodded  on  the  outer.  It  is  800  feet  long, 
raises  the  water  15  feet,  and  has  a  masonry  spillway  of  300  feet.  The 
total  cost  of  the  plant  will  be  about  $25,000.  The  reservoir  formed 
by  the  dam  will  cover  120  acres  and  have  a  capacity  of  300  million 
gallons,  or  920  acre-feet. 

On  the  ranch  of  Hugh  Lewis,  8  miles  north  of  Ballinger,  in  Run- 
nels County,  is  a  stone  dam  built  in  1896  across  a  small  creek  which 
originates  in  a  spring  a  short  distance  above.  The  dam  is  80  feet 
long,  raises  the  water  6  feet,  and  supplies  a  ditch  some  200  yards  in 
length.  Ten  acres  in  fruit  and  vegetables  were  irrigated  in  1896, 
but  at  least  50  acres  could  be  covered.  The  total  cost  was  from  1150 
tot200. 

In  Tom  Green  and  Irion  counties  the  water  facilities  furnished  by  the 
Concho  River  and  its  numerous  branches  and  tributaries  are  among 
the  finest  to  be  found  anywhere.  These  have  only  been  partially 
nsed  by  individuals  and  small  companies  in  separate  systems,  mak- 
ing the  cost  of  maintenance  much  greater  than  if  consolidated. 
Nevertheless,  tibey  have  been  fairly  successful,  and  have  certainly 
reduced  the  cost  of  living  in  that  section,  making  foodstuffs,  espe- 
cially vegetables,  much  cheaper  and  more  abundant.  There  are  ten 
of  tileee  plants  reported  in  those  two  counties;  three  on  the  South 
Concho,  one  on  the  Main  Concho,  and  two  each  on  the  North  Concho, 
Spring  Creek,  and  Dove  Creek.  The  total  area  irrigated  is  3,200  acres, 
2,000  being  in  Tom  Green  County  and  1,200  in  Irion  County. 

The  plants  of  C.  B.  Metcalfe,  of  San  Angelo,  and  J.  J.  Glenn,  of 
Water  Valley,  may  be  taken  as  types  of  the  systems  in  vogue.  Mr. 
Metcalfe's  canal  takes  its  water  from  the  east  bank  of  the  South 
Ck>ncho  River  12  miles  south  of  San  Angelo.    It  is  4  miles  long,  with 
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an  average  top  width  of  12  feet,  bottom  width  8  feet,  and  depth  of 
water  1.5  feet.  It  was  begun  in  1887  and  the  first  mile  was  completed 
the  next  year,  but  it  was  not  entirely  completed  until  1896.  It 
takes  its  water  by  means  of  a  brush-and-stone  dam  200  feet  long 
and  7  feet  high,  which  extends  across  the  river  and  cost  about  $500. 
The  main  ditch  cost  $500  to  the  mile,  and  the  laterals,  of  which 
there  are  three,  cost  $250  to  the  mile,  making  a  total  cost,  with 
incidentals,  of  17  to  each  of  the  470  acres  now  irrigated.  The 
repairs,  which  are  maintained  by  the  tenants,  may  be  estimated  as 
amounting  in  labor  to  75  cents  per  acre.  The  crops  irrigated  in  1896 
were:  Johnson  grass,  40  acres;  cotton,  120  acres;  corn,  oats,  wheat, 
truck,  etc.,  220  acres;  total,  380  acres. 

The  ditch  of  J.  J.  Glenn  is  located  on  the  North  Concho  1|  miles 
west  of  Water  Valley,  and  is  3  miles  long,  8  feet  wide  on  top,  4  feet 
wide  on  bottom,  and  2^  feet  deep.  It  was  first  used  in  1886,  and  is 
supplied  with  water  by  a  rock  dam  across  the  river,  100  feet  long, 
with  an  average  height  of  8  feet.  The  total  cost  of  the  system  was 
$3,500,  and  it  commands  350  acres,  of  which  250  have  been  irrigated, 
two- thirds  in  cotton  and  the  remainder  in  the  different  sorghums  and 
oats. 

The  most  successful  field  crops  in  this  region  are  oats  and  cotton, 
the  former  producing  from  30  to  90  bushels  with  great  certainty,  and 
the  latter  usually  1  and  sometimes  1^  bales  to  the  acre.  Corn  is  a 
poor  crop,  by  reason  of  the  dry  winds,  but  sweet  potatoes,  melons, 
and  celery  do  very  well,  especially  the  last  named. 

In  Sterling  County  there  are  two  systems  on  Concho  River,  only 
one  of  which  has  been  reported  in  full.  It  is  located  5  miles  from 
Sterling  City  and  is  owned  by  the  McGee  Irrigation  Company.  The 
main  ditch  is  2  miles  long,  has  a  top  width  of  6  feet,  is  4  feet  wide  at 
the  bottom,  and  carries  about  1  foot  of  water.  It  was  begun  in  1892 
and  first  used  in  1894.  The  water  is  raised  by  a  loose-rock  dam,  125 
feet  long  and  6  feet  high,  built  across  the  river.  The  total  cost  was 
$1,500,  and  it  commands  250  acres,  only  75  of  which  are  really  irri- 
gated. The  principal  crops,  in  the  order  of  their  importance,  were 
cotton,  corn,  sorghum,  oats,  sweet  potatoes,  alfalfa,  and  vegetables. 
Repairs  are  maintained  by  each  stockholder  doing  his  share  of  the 
work  on  the  ditch. 

At  Brownwood,  in  Brown  County,  about  120  miles  east  of  the  above 
works,  considerable  interest  has  been  taken  in  irrigation  during  the 
last  few  years,  there  being  a  large  area  well  located  for  irrigation  on 
a  considerable  scale.  This  scheme  was  abandoned  for  lack  of  capital 
to  complete  it.  Meanwhile  several  steam  pumping  plants  have  been 
erected  for  irrigating  smaller  areas.  The  most  important  is  that  of 
the  Swinden  Pecan  Orchard  Company.  This  consists  of  a  centrifugal 
pump  operated  by  an  807horsepower  engine  and  pumping  3,000  gal- 
lons per  minute,  or  6. 84  second-feet.    The  water  is  carried  by  a  fiume 
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4,000  feet  long  to  a  reservoir  formed  by  bnilding  an  earthen  dam 
4,000  feet  long  and  with  a  height  varying  from  2  to  15  feet.  The 
dam  is  at^  the  foot  of  gently  sloping  land,  and  forms  a  triangular 
reservoir  covering  65  acres.  The  reservoir  is  designed  to  irrigate 
the  400  acres  of  level  land  lying  between  it  and  Pecan  Bayou,  from 
which  the  water  is  pumped  to  fill  it.  A  small  stream  is  also  dammed 
and  turned  into  the  reservoir.  The  400  acres  commanded  by  the 
reservoir  are  planted  in  pecan  trees,  making  the  largest  orchard  of 
this  kind  in  the  world.  The  irrigation  plant  was  put  in  mainly  to 
enable  the  owners  to  practice  truck  farming  and  small  fruit  growing 
between  the  rows  of  trees  while  waiting  for  the  latter  to  mature. 
The  soil  is  a  rich  black  and  chocolate  loam.  The  great  mistake  that 
has  been  made  in  this  plant  is  in  having  the  reservoir  so  large  and 
shallow.  Evaporation  and  seepage  are  in  this  way  so  increased  as  to 
become  a  serious  source  of  loss. 

Immediately  east  of  this,  in  Mills  County,  are  several  pumping 
plants  on  Colorado  River.  That  of  J.  B.  Baker,  11  miles  southwest 
of  Goldthwaite,  was  completed  in  1896,  and  consists  of  a  32-horsepower 
boiler  operating  a  Worthington  pump.  The  plant  cost  $2,000,  and 
the  expense  of  operating  it  is  about  17  a  day  of  twelve  hours.  It  has 
a  capacity  of  1,220  gallons  per  minute,  or  2.72  second-feet,  and  com- 
mands 80  acres,  75  of  which  were  irrigated.  The  crops  raised  were 
corn,  cotton,  and  oats.  J.  D.  Willis,  of  Ratler,  has  attached  pumps 
with  a  capacity  of  50  gallons  per  minute,  or  0.11  second-foot,  to  the 
shafting  of  his  gin  and  grist  mill,  irrigating  5  acres  in  fruits  and  vege- 
tables. The  power  is  furnished  by  a  turbine  under  a  5-foot  head  of 
water  from  a  dam  300  feet  long  across  Colorado  River.  At  Regency, 
G.  W.  Alldridge,  with  a  20-horsepower  engine,  pumps  450  gallons  per 
minute,  or  1  second-foot,  and  reports  that  he  can  water  about  5 
acres  per  day,  which  would  give  50  to  75  acres  under  command  of  his 
pump.     None  of  these  men  use  reservoirs. 

On  the  south  side  of  Colorado  River,  in  San  Saba  County,  J.  H. 
Lindsey  owns  a  steam  pumping  plant  on  the  river,  20  miles  north  of 
San  Saba.  It  consists  of  a  SO-horsepower  engine  and  a  pump  with  a 
capacity  of  840  gallons  per  minute,  or  1.87  second-feet.  The  plant 
cost  $2,000  and  is  worked  eleven  hours  a  day  at  an  expense  of  $3,  irri- 
gating 40  acres  in  corn  and  cotton.  There  are  also  several  small  areas 
irrigated  in  this  county  from  the  numerous  springs  which  issue  from 
among  the  hills.  The  total  amount  of  these  is  250  acres.  Farther 
down  the  river,  in  Burnet  County,  the  only  irrigation  reported  is  one 
windmill  irrigating  a  garden  50  feet  long  and  150  broad,  and  also  If 
acres  watered  by  a  spring  and  reservoir.     Both  are  very  successful. 

At  the  head  of  San  Saba  River,  in  Schleicher  County,  William  L. 
Black  has  been  irrigating  since  1894  with  a  plant  consisting  of  a 
6-hor8ej)Ower  engine,  pumping  580  gallons  per  minute,  or  1.29  second- 
feet,  and  a  6-foot  overshot  wheel  with  a  capacity  of  167  gallons  per 
IEB13 3 
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minute,  or  0.37  second-foot.  The  latter  is  run  day  and  night,  no 
reservoir  being  provided,  and  the  total  area  irrigated  is  50  acres,  in 
com,  j)otatoes,  and  sorghum.  With  his  water  wheel  he  uses  four 
10-inch  cylinders  worked  horizontally,  and  with  the  engine  a  link-belt 
box  elevator,  which  gives  satisfaction.  Farther  east,  in  Menard 
County,  on  San  Saba  River,  is  a  pumping  plant  owned  by  Emile 
Vanderstucken  and  consisting  of  an  IS-horsepower  steam  engine 
operating  by  a  belt  a  Menge  centrifugal  pump  with  a  capacity  of 
1,167  gallons  per  minute,  or  2.60  second-feet.  The  total  cost  of  the 
plant  was  $1,500.  No  reservoir  is  used,  the  water  being  carried  in  a 
flume  to  the  highest  point  on  the  land  and  distributed  by  ditches. 
On  account  of  the  abundance  of  rain  in  1897  it  was  used  but  very 
little.  In  1896  it  was  operated  from  March  to  September,  irrigating 
100  acres  and  making  good  crops,  with  practically  no  rain. 

The  following  description  relating  to  the  condition  of  irrigation  in 
the  vicinity  of  Menardville  is  taken  from  a  statement  prepared  by 
Mr.  Robert  S.  Dod,  of  Brady,  Texas,  county  surveyor  of  McCulloch 
County.  This  method  of  agriculture  has  been  a  great  success  in  this 
vicinity,  as  is  evident  to  anyone  passing  through  the  county  exam- 
ining the  fields  and  conversing  with  the  farmers.  The  system  has 
not  always  been  successful,  but  early  failures  were  mainly  the  result 
of  inexperience  and  arose  from  accidental  and  not  from  essential 
defects.  Mistakes  have  been  gradually  remedied,  and  by  well-directed 
energy  and  enterprise  great  improvements  have  been  brought  about, 
progress  being  still  made  toward  even  better  methods. 

On  crossing  San  Saba  River  5  miles  below  Menardville,  the  traveler 
enters  upon  the  irrigated  part  of  the  narrow  valley  lying  between  the 
river  and  the  low  hills,  and  is  impressed  by  the  signs  of  energy  and 
activity.  The  fences  are  good  and  in  repair;  the  gates  have  two 
hinges  and  swing  clear  of  the  ground ;  the  fields  are  clear  of  grubs 
and  clean  of  weeds;  the  ditches  are  straight  and  well  shaped  and 
clean;  the  cotton  as  seen  when  visited  stood  28  to  30  inches  high  all 
over  the  fields,  of  good  color  and  as  clean  as  possible.  The  corn  was 
10  feet  high  or  over,  and  the  dark  green  of  its  leaves  was  accounted 
for  by  the  water  running  in  the  furrows  at  its  roots.  To  the  right  was 
an  orchard  of  peach  trees  filled  with  fruit,  and  beyond  this  a  stubble 
field  already  plowed  and  harrowed,  ready  for  reseeding  for  another 
harvest.  Near  this  field  stood  the  stacks,  the  proof  of  the  success  of 
that  crop  at  least,  yielding  their  stores  of  grain  to  the  eflPorte  of  the 
busy  crowd  about  the  thrasher.  The  active  movements  of  the  men 
at  work  there  and  in  the  neighboring  fields,  and  the  rate  at  which  the 
teams  traveled  carrying  the  grain  to  the  bam  and  returningto  the  field, 
showed  that  the  success  apparent  everywhere  was  due  to  systematic, 
well-directed  effort — the  kind  of  effort  that  men  put  forth  when  reason- 
ably certain  of  the  reward  of  their  labor.  Such  animation  men  do  not 
display  when  disappointment  and  failure  year  after  year  have  sapped 
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their  energy  and  made  them  cynically  hopeless  of  success,  when  under 
"dry  farming"  they  have  degenerated  into  the  almost  brutish  atti- 
tude of  contentment  with  surroundings  that  could  be  improved  and 
toleration  of  losses  that  might  be  avoided. 

All  the  way  from  the  river  to  Menardville  the  road  passes  through 
irrigated  farms  showing  success  in  proportion  to  the  amount  of  care 
and  labor  expended  on  them.  The  vegetable  gardens,  the  orchards, 
tbe  green  lawns,  and  the  flowers  and  vines  around  the  houses  make  this 
valley  the  picture  of  contented  prosperity.  The  farmers  with  whom 
conversation  was  had  gave  many  facts  applicable  in  contrasting  their 
methods  and  results  with  those  of  the  dry-land  farmer.  They  raise 
from  1  to  2  bales  of  cotton  per  acre,  the  difference  in  yield  depending 
largely  on  how  much  damage  the  worms  do  in  a  given  season  and 
how  much  rain  falls  in  August.  The  drier  this  month  the  better  the 
cotton  crop.  On  new  land  with  few  worms  and  a  dry  August  2  bales 
would  be  expected.  Their  corn  yields  from  40  to  80  bushels  per  acre. 
One  man  suggested  that  a  light  rain  or  shower  was  needed  when  the 
pollen  was  ripe  in  order  to  obtain  the  best  results.  Oats  yield  from 
50  to  80  bushels  x)er  acre.  During  the  years  from  about  1888  to  1895 
the  farmers  irrigating  in  Menard  County  were  raising  from  1  to  2  bales 
of  cotton  to  the  acre,  40  to  50  bushels  of  com,  and  80  or  more  of  oats, 
while  in  contrast  to  this  their  neighbors  without  irrigation  were  work- 
ing perhaps  equally  as  hard,  bringing  together  what  little  cane  and 
fodder  could  be  raised  to  save  the  stock  from  starving  to  death,  and 
producing  only  enough  marketable  stuff  to  keep  the  interest  on  the 
noLortgages  paid  up,  and  perhaps  not  even  that. 

These  beneficial  results  are  produced  by  a  little  water  and  a  deal  of 
hard  work.  The  water  rate  is  $2  per  inch,  and  1^  inches  will  irrigate 
an  acre  of  their  land,  so  that  $2.50  per  acre  and  a  little  extra  work 
make  the  difference  between  one-third  of  a  bale  of  cotton  and  2  bales; 
between  no  corn  and  40  to  50  bushels;  between  80  bushels  of  oats  and 
a  dead  failure. 

It  has  been  proved  by  experience  that  one  man  can  not  give  proper 
attention  to  more  than  25  acres  of  this  irrigated  land.  He  will  need 
help  ill  cultivating  if  he  plants  corn  and  cotton,  but  could  tend  rather 
more  land  put  in  small  grain.  He  will  require  for  these  crops  a  little 
over  an  inch  of  water  per  acre,  and  will  need  to  turn  the  water  on 
about  every  twenty  days. 

At  Menardville  corn  and  cotton  are  irrigated  by  running  the  water 
down  the  furrows  between  the  rows  from  openings  in  the  ditch.  The 
amount  of  labor  required  for  the  operation  and  to  make  the  water  run 
properly  depends  upon  the  general  level  of  the  field  and  the  care  with 
which  the  furrows  are  laid  off  with  regard  to  the  slope.  Small  grain 
and  fodder  crops  are  laid  off  by  throwing  two  furrows  together,  back 
to  back,  as  a  border,  every  8  or  10  steps,  to  hold  the  water,  and  flood- 
ing the  land  between  these  bordei*s.     Some  farmers  use  an  Acme 
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harrow  to  finish  off  the  land  after  planting,  running  it  between  the 
borders  so  that  the  small  furrows  left  by  it  help  in  directing  the  flow 
of  the  water. 

As  to  the  amount  of  water  required  per  acre,  one  man  who  irrigates 
40  acres  of  land  uses  40  inches  of  water,  and  occasionally  needs  a  little 
more.  On  another  farm  they  use  15  inches  of  water  on  12  acres  of 
garden  truck.  On  the  upper  part  of  the  ditch  above  town  the  water 
is  measured  and  distributed  by  the  inch;  that  is,  if  a  man  wants  20 
inches  of  water,  the  gate  opening  on  his  ditch  is  set  for  a  20-inch  flow 
and  so  remains  through  the  season,  giving  him  his  20-inch  constant 
flow.  From  town  down  they  use  the  water  in  rotation,  as,  owing  to  a 
mistake  originally  made  in  laying  out  the  distributaries,  the  use  of 
water  above  interferes  with  the  flow  below.  So  they  alternate  every 
seven  days,  those  above  using  all  the  water  that  reaches  them  for 
that  time,  and  then  the  lower  owner  having  all  the  water  for  the  next 
seven  days;  this  farmer,  having  some  500  acres  under  irrigation,  dis- 
tributes the  water  over  them  as  necessary. 

The  amount  of  water  required  for  an  acre  of  ground  here  is  more 
than  that  needed  for  sandy  flelds.  The  soil  at  Menardville  is  a  clayey 
loam  containing  a  large  proportion  of  lime.  Both  soils  require  the 
same  amount  of  water  for  the  flrst  irrigation,  but  the  sand  packs  and 
requires  less  at  each  succeeding  irrigation,  whereas  it  is  claimed  that 
the  limy  loam  seems  to  rise  instead  of  pack,  and  requires  as  much 
water  for  the  later  irrigation  as  for  the  first. 

The  ditch  which  supplies  these  farms  is  nearly  10  miles  long.  The 
dam  is  built  across  San  Saba  River  some  4  miles  above  Menardville 
and  returns  to  the  river  some  5  miles  below  the  town.  The  charter 
was  obtained  by  the  Vaughan  Agricultural  and  Improvement  Com- 
pany in  1874,  and  the  ditch  was  built  soon  after.  It  is  claimed  that 
this  company  put  $12,000  in  the  work.  This  was  excessive,  an  extra 
expense  being  incurred  by  the  refusal  of  right  of  way  in  one  instance, 
forcing  the  company  to  make  a  cut  16  feet  deep  and  several  hundred 
feet  long.  Further,  the  methods  of  work  were  rude  and  costly. 
Wheelbarrows  were  used  to  move  the  dirt,  and  in  the  cut  the  dirt 
was  thrown  on  staging  and  passed  from  man  to  man.  There  are  97 
shares  in  the  company,  valued  at  1180  each.  One  year  *1, 200  was  spent 
in  improvement;  another  year  $1,000  in  the  same  way;  but  the  ditch 
pays  all  running  expenses,  cost  of  improvements,  and  10  per  cent  on 
the  shares  at  the  above  quotations. 

The  grade  of  the  ditch  after  construction  was  found  to  be  irregular 
and  unsuitable,  so  work  has  been  done  each  year — cutting  and  filling, 
to  reduce  the  slope  above  Los  Mores  flume  t<t  a  nearly  uniform  grade 
of  30  inches  to  the  mile.  At  the  flume  is  a  fall  of  14  inches  in  128 
feet.  At  the  point  of  the  mountain  where  the  ditch  curves  with  the 
hill  and  runs  through  rock  it  is  lessened  in  size  and  has  a  much 
steeper  grade.    The  grade  of  30  inches  to  the  mile  was  established 
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experimentally,  and  satisfies  as  neariy  as  possible  the  necessity  of 
avoiding  silting  on  the  one  hand  and  erosion  on  the  other.  The  ditch 
rans  through  coarse  gravel  part  of  the  way,  and  there  is  a  heavy 
loss  from  percolation. 

The  straightening  of  the  ditch,  reduction  of  the  grade,  and  tighten- 
ing of  the  dam  have  given  an  available  flow  of  water  sufficient  to  irri- 
gate 2,000  acres  of  land,  which  is  the  amount  estimated  to  be  under 
irrigation  from  this  ditch  at  the  present  time.  This  taxes  the  flow  to 
its  full  capacity. 

The  dam  is  built  of  rough  limestone  quarried  at  the  spot,  aver- 
aging, where  seen  on  the  front  of  the  dam,  2  by  3  feet  by  10  inches, 
laid  in  coui'ses  without  cement.  The. blocks  are  tied  by  bolts  fastened 
to  a  log  under  the  dam  at  the  bottom  and  passing  up  through  the 
dam  and  fastened  at  the  top  by  taps  to  cross-ties  lying  along  the  top. 
The  dam  is  slightly  concave  and  is  about  200  feet  long  and  5^  feet. 
high  at  the  middle  of  the  front,  with  an  irregular  batter.  It  is  13^ 
feet  wide  on  top  at  the  center.  It  rests  partly  on  rock,  partly  on 
gravel,  and  is  backed  with  earth  with  a  slope  of  nearly  2  to  1. 

The  water  stands  within  a  few  inches  of  the  top  of  the  dam  and 
runs  over  at  every  rise  in  the  river.  There  must  be  10  or  12  feet  of 
water  passing  over  it  at  times,  judging  from  the  high- water  marks. 
Below  the  dam  is  a  pile  of  loose  bowlders  which  holds  the  leakage 
through  the  dam  and  forms  a  water  cushion  to  receive  the  fall.  The 
dirt  is  washed  from  the  back  of  the  dam  at  every  high  rise,  and  is  at 
once  replaced  when  the  rise  goes  down,  by  scraping  the  dirt  from  the 
north  side  of  the  river.  The  dam  backs  the  water  up  about  500 
yards,  the  deepest  hole  being  about  15  feet.  The  water  is  taken  out 
on  the  south  side  100  or  more  yards  above  the  dam  and  carried  in  a 
cut  to  the  sluice  gate  a  little  below  the  dam. 

A  section  of  the  ditch  made  a  few  hundred  yards  below  the  sluice 
gate  gave  the  following:  top,  15.2  feet;  bottom,  8feet;  depth,  2.7feet; 
wetted  perimeter,  16.5  feet;  area,  29.83  square  feet;  maximum  surface 
velocity,  2.17  feet  per  second;  mean  velocity,  1.54  feet  per  second. 
The  velocity  was  measured  for  100  feet  above  and  below  the  section, 
where  there  was  no  very  great  difference  in  the  dimensions  of  the 
ditch.  The  fall  of  the  surface  was  found  to  be  at  this  point  0. 1  foot  in 
195,  or  1  foot  in  1,950,  or  2.7  feet  in  a  mile.  This,  with  a  coefficient  of 
N=0.03,  would  give  a  velocity  of  1.57  feet  per  second,  which  is  very 
nearly  the  observed  velocity  of  flow.  This  gives  a  discharge  of  46 
cnbic  feet  per  second,  or  2,300  inches,  estimating  50  inches  to  1  foot. 

Taking  the  estimated  acreage  irrigated  as  2,000  acres,  we  have  from 
our  calculated  flow  a  little  over  1  inch  per  acre,  which  is  the  allowance 
in  actual  use,  as  above  stated,  and  a  water  duty  of  44  acres  per  cubic 
foot  i)er  second  of  flow  for  the  water  entering  the  main  ditch.  These 
measurements  were  made  at  but  one  point  and  can  be  considered  as 
only  approximate  for  the  whole  ditch.    For  accuracy  they  should  be 
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repeated  at  a  number  of  points  and  proper  allowance  made  for  perco- 
lation and  leakage.  In  general,  the  estimate  is  that  three  waterings 
of  i  inches  will  make  a  crop.  From  the  above  it  is  readily  seen  that 
before  a  calculation  can  be  made  with  any  degree  of  certainty  as  to 
what  water  is  necessary  to  irrigate  a  crop  in  this  country,  there  must 
be  further  experiment  and  careful  consideration  and  comparison  of 


Fio.  4.— Water  wheal  and  wing  ^m  tnm!n(t  coirent  atntluBt  wheel, 

soil  and  subsoil,  percolation,  evaporation,  and  the  best  method  of 
applying  the  water  to  the  crop.  The  duty  at  Menardville  is,  under 
the  present  system,  H  acres  per  cubic  foot  of  flow  per  second,  or  a 
trifle  under  IJ  inches  per  acre. 

At  San  Marcos  is  found  a  system  of  water  wheels  for  raising  water 
for  irrigation.    They  are  all  of  the  same  type,  consisting  of  an  under- 
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shot  wheel  of  a  size  yarying  according  to  the  height  of  the  river  book. 
The  wheel  is  run  by  the  direct  current  of  the  river,  which  is  quite 
swift,  and  is  brought  against  the  wheel  either  by  a  wing  dam  of  planks, 
which  turns  the  current  against  it,  or  by  a  ditch  taken  out  about  50 
or  100  yards  above.  The  river,  coming  from  immense  springs  which 
burst  out  about  three-quarters  of  a  mile  above  the  town,  as  shown  on 
PI.  I,  is  not  subject  to  rises,  the  only  flood  on  record  having  occurred 
when  a  flood  in  the  Guadaluiie  backed  up  the  water  of  the  San  Marcos 
for  eight  hours.  This  renders  secure  this  seemingly  unsafe  way  of 
locating  a  wheel.  There  are  three  of  these  wheels  on  the  river,  all 
used  by  truck  gardeners.  The  wheels  are  of  wood  and  are  the  sim- 
plest form  of  undershot  wheels,  with  a  metal  bucket  fastened  to  the 
perimeter  of  one  side  of  the  wheel,  in  front  of  each  paddle,  as  shown 
in  PI.  n  and  fig.  4.  These  buckets  fill  in  succession  as  the  wheel 
turns  and  empty  into  a  trough  above,  thus  raising  the  water  very 
nearly  to  the  height  of  the  diameter  of  the  wheel. 

The  wheel  owned  by  Capt.  John  Richards  (PI.  II)  is  the  oldest  and 
the  one  on  which  all  of  the  others  are  modeled.  He  states  that  before 
he  built  it  he  tried  a  number  of  pumps,  which  required  too  much 
attention  and  repairs,  and  afterwards  several  kinds  of  water  wheels, 
with  no  satisfaction  until  he  finally  hit  on  the  present  arrangement  of 
his  buckets,  which  has  lasted  satisfactorily  for  about  ten  years.  The 
wheel  runs  day  and  night,  and  needs  no  attention  save  oiling  twice  a 
week.  It  is  20  feet  in  diameter  and  8  feet  wide,  and  is  supplied  with 
water  by  a  ditch  160  yards  long,  taken  directly  from  the  river  and 
running  through  low  ground  to  the  wheel.  It  pumps  into  an  artificial 
reservoir  of  about  50,000  gallons  capacity.  The  average  speed  is  three 
revolutions  per  minute,  and  in  that  time  it  raises  about  90  gallons,  or 
0.20  second-foot.  The  water  is  used  to  irrigate  3  acres  of  grai>es  and 
vegetables  for  the  market. 

The  wheel  at  D.  C.  Garrett's  place,  shown  in  fig.  4,  is  larger  and 
carries  16  buckets  of  6  gallons  capacity,  pumping  on  an  average  144 
gallons  per  minute,  or  0.(32  second-foot.  He  uses  no  reservoir  and 
irrigates  about  12  acres  in  vegetables. 

Iliese  wheels  furnish  a  cheap  and  convenient  method  of  irrigation, 
being  easily  built,  and  running  expenses  being  practically  nothing. 
They  are  highly  successful  at  San  Marcos,  but  would  not  be  elsewhere 
where  the  conditions  are  not  similarly  favorable.  Here  the  river  has 
a  swift  flow  and  steep  banks,  from  which  the  wheel  may  be  hung  with 
relatively  little  exx)ense  for  scaffolding,  and  the  stream,  coming  from 
a  great  spring,  has  an  even  flow  summer  and  winter. 

At  Austin,  the  State  capital,  is  one  of  the  largest  hydraulic  works 
of  the  country,  impounding  water  of  Colorado  River.  Although  this 
was  built  primarily  for  the  purpose  of  furnishing  power,  there  was  at 
the  same  time  a  belief  that  the  surplus  water  could  be  used  for  irri> 
gation  above  the  lowlands  along  the  river  at  times  of  summer  drought. 
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This  project  for  thus  employing  the  surplus  flow  of  the  stream  was 
abandoned,  if  not  completely  destroyed,  by  the  low  water  of  the  sum- 
mer of  1896,  when  the  surface  of  Lake  McDonald  was  lowered  some  5 
feet  below  the  crest  of  the  dam.  Thus,  although  there  is  an  immense 
amount  of  surplus  water  carried  by  the  river,  it  is  probable  that  other 
works  must  be  built  to  utilize  it,  for  the  steady  increase  of  demands 
for  power  tends  toward  the  requirement  that  the  stored  water  shall 
be  held  for  this  use  during  the  summer  months. 

The  dam  at  Austin  was  built  by  the  city  with  the  intention  of  sup- 
plying water  for  municipal  purposes  and  power  for  lighting  and  for 
manufactures.  It  is  located  at  a  point  about  2  miles  west  of  and 
above  the  city,  where  the  river  flows  in  a  narrow  valley  between  lime- 
stone cliffs.  At  this  point  the  Colorado  River  drains  about  40,000 
square  miles,  and  has  a  usual  summer  flow  of  1,000  second-feet.  In 
times  of  flood  it  rises  to  from  200,000  to  250,000  second-feet,  a  contin- 
gency which  necessitated  the  construction  of  a  strong  masonry  dam 
which  could  be  submerged  by  the  highest  floods. 

The  dam  is  1,150  feet  long,  with  the  crest  60  feet  above  low-water 
mark  and  having  a  maximum  height  of  70  feet.  It  is  66  feet  thick  at 
the  bottom  and  16  feet  wide  on  top,  constructed  of  solid  limestone 
rubble  laid  in  imported  Portland  cement,  faced  on  each  side  and  on 
the  top  with  cut  granite  blocks  from  the  same  quarries  that  furnished 
the  stone  for  the  State  capitol.  In  order  to  provide  for  the  great  vol- 
ume of  water  coming  down  the  river  in  flood  times  the  dam  was  so 
designed  as  to  allow  the  surplus  water  to  flow  over  it  in  a  sheet  of 
uniform  thickness  along  the  entire  length.  To  avoid  the  impact  and 
erosive  action  of  the  falling  water,  which  may  sometimes  be  as  much 
as  15  feet  in  depth  at  the  crest,  the  front  of  the  dam  was  given  the 
shape  of  a  reversed  curve  of  ogee  form.  This  allows  the  water  to 
glide  down  its  face  without  shock  and  expend  its  force  in  a  horizontal 
direction  against  the  pool  in  front  of  the  toe. 

There  are  three  iron  sluice  pipes  36  inches  in  diameter  inserted  in 
the  dam,  near  the  west  end,  for  use  in  possible  emergencies.  The  total 
cost  of  the  dam,  exclusive  of  the  sluice  pipes  and  engineering  exx)enses, 
was  $611,300;  the  latter  amounted  to  some  168,000  more.  The  total 
cost  of  the  whole  enterprise,  including  dam,  i)ower  house,  electric 
lighting,  and  waterworks  system,  was  nearly  $1,400,000.  Lake 
McDonald,  formed  by  the  dam,  is  over  25  miles  long  and  averages 
three-fourths  of  a  mile  wide.  The  power  available  is  estimated  at 
about  14,000  horsepower.  The  power  house,  shown  in  PI.  Ill,  is 
located  on  the  same  side  of  the  river  as  the  city  and  just  below  the 
dam.  The  water  is  carried  directly  to  the  turbines  through  iron  pen- 
stocks. 

The  water  for  the  city  is  pumped  from  the  lake  into  the  mains, 
the  pumps  being  directly  connected  with  the  turbines  operating  them. 
The  management  is  preparing,  however,  to  move  these  pumps  some 
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distance  down  the  river  to  beds  of  gravel  forming  natural  filters, 
from  which  perfectly  clear  water  can  be  obtained  at  all  times.  This 
is  the  same  water  as  that  in  Lake  McDonald,  but  it  is  purified  by 
filtering  through  these  beds.  It  will  be  obtained  by  sinking  cribs  in 
the  gravel  and  pumping  from  them  by  electrical  energy  transmitted 
from  the  power  house.  At  present  the  amount  of  work  done  varies 
from  800  to  3,000  horsepower.  This  is  employed  for  waterworks  and 
electric  lighting,  and  for  running  all  the  car  lines  and  most  of  the 
manufacturing  enterprises  in  the  city,  such  as  planing  mills,  printing 
presses,  and  many  others.  It  has  been  demonstrated  that  it  is  cheaper 
for  a  man  who  uses  no  more  than  200  horsepower  to  rent  his  power 
from  the  city  in  the  form  of  electrical  energy  and  to  use  an  electric 
motor  instead  of  a  steam  engine. 

Up  to  the  present  time  most  of  the  earnings  of  the  plant  have  been 
8X>ent  in  improving  and  adding  to  it;  but  it  is  hoped  that  in  the  near 
future  these  will  inci*ease  and  materially  relieve  the  people  of  the 
heavy  burden  of  taxation  under  which  they  now  labor  and  enable 
them  to  pay  off  the  debt  incurred  in  construction. 

Another  notable  water  power  which  may  in  the  future  be  partly 
used  for  irrigation  is  that  supplied  by  the  Comal  Springs  at  New 
Braunfels.  These  springs  burst  from  the  base  of  the  hills  at  many 
points  for  a  distance  of  a  mile  or  more  and  form  the  head  waters  of 
Comal  River.  New  ones  can  be  made  at  any  time  by  blasting  in  the 
limestone  rock  along  the  line  of  those  already  existing.  The  fall  is 
so  great  for  the  first  half  mile  that  no  difficulty  is  found  in  carrying 
the  watfer  by  a  simple  canal  to  the  point  where  the  accumulated  flow 
can  be  utilized  to  good  advantage.  At  present  the  power  is  used  to 
operate  a  cottonseed-oil  mill,  a  flour  mill,  and  an  electric-light  plant 
owned  by  the  Landa  estate,  on  whose  property  the  springs  are  situ- 
ated. The  i)ower  used  amounts  to  about  500  horsepower,  which  can 
be  increased  almost  indefinitely,  if  desired. 

SAN  ANTONIO  AND  VICINITY. 

Under  this  head  is  included  a  description  of  irrigation  works  at 
San  Antonio,  and  also  in  the  areas  southerly  and  southeasterly  near 
San  Antonio  and  Guadelupe  rivers  down  to  the  Gulf  coast.  The  irri- 
gation ditches  at  San  Antonio  are  historically  the  most  interesting  in 
the  State,  for  here  are  found  the  earliest  systems  and  structures,  which 
have  been  in  use  for  more  than  a  century.  Additional  int^erest  is 
derived  from  the  association  of  the  ditches  with  the  early  missions 
and  with  the  efforts  of  the  Franciscan  fathers  to  settle  the  Indians 
upon  these  lands  and  employ  them  in  agriculture.  The  old  missions, 
now  in  ruins,  were  rendered  habitable  by  these  ditches,  and  the  lands 
adjacent  were  the  garden  spot  of  the  frontier,  making  possible  the 
growth  of  the  city  which  now  is  the  center  of  civilization  and  trade  of 
the  Southwest.    These  ditches  are  now  almost  completely  concealed 
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by  the  ancient  ti'ees  and  the  luxuriant  verdure  that  line  the  banks, 
and  through  the  lapse  of  time  the}"^  have  assumed  the  character  of 
natural  drainage  channels,  so  that  it  is  almost  impossible  to  believe 
that  they  were  artificial  works.  The  facts  concerning  the  origin  and 
present  condition  of  these  ditches  were  obtained  mainly  from  Mr,  Z.  O. 
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Fio.  5.— Map  of  ditches  and  artesian  weUa  at  San  Antonio. 

Stocker,  of  San  Antonio,  who  has  made  a  thorough  study  of  them, 
both  from  an  interest  in  the  subject  and  with  a  view  to  developing 
irrigation  enterprises  in  the  vicinity.  A  view  of  the  river,  illustrating 
its  size  and  character,  is  given  in  PI.  IV. 
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The  original  mission  ditches  bnilt  by  the  Franciscan  fathers  between 
the  years  1716  and  1744  are  the  Pajalache  or  Conception  ditch,  the 
Alamo  Madre,  the  San  Jose,  the  San  Juan,  and  the  Espada  ditches,  all 
dug  to  supply  the  lands  belonging  to  the  respective  missions.  In  addi- 
tion to  these  mission  ditches  there  was  one,  the  San  Pedro,  which  8up< 
plied  water  to  the  Villa  Capital  de  la  San  Fernando,  settled  in  1730  by 
the  emigrants  from  the  Canary  Islands;  and  one  built  much  later  than 
any  of  the  others  under  the  superintendence  of  the  governor.  Baron 
Ripperda,  for  the  supply  of  the  citizens  of  the  town,  and  called  the 
Upper  Labor  ditch. 

Beginning  at  the  head  of  the  San  Antonio  River,  as  shown  on  fig.  5, 
this  last-named  and  most  recent  of  the  Spanish  ditches  is  the  first 
encountered.  It  was  begun  in  1776  and  was  ready  for  use  in  1778, 
under  the  general  direction  of  the  royal  governor,  care  having  been 
taken  that  no  infringement  of  the  prior  rights  of  the  five  missions  and 
Canary  Island  settlers  should  occur.  The  work  was  done  by  those 
citizens  who  desired  to  enlist  themselves  for  that  purpose,  each  fur- 
nishing his  own  tools  and  at  the  completion  of  the  ditch  receiving  a 
share  of  the  land  commanded  by  the  ditch  under  royal  grant,  on  the 
condition  that  he  should  aid  in  keeping  the  ditch  and  all  its  appurte- 
nances clean  and  in  repair,  and  hold  himself,  with  one  horse,  arms 
and  ammunition,  in  readiness  at  all  times  to  meet  the  enemies  of  his 
king.  The  lands  were  divided  into  lots  called  "suertes"  (suerte 
meaning  luck  or  chance),  each  one  containing  the  amount  of  land  that 
eonld  be  irrigated  by  the  ditch  during  a  given  space  of  time,  usually 
a  day,  but  sometimes  less.  The  assignment  of  suertes  was  always 
accomplished  by  lot.  The  original  grade  and  side  slope  of  these 
ditches  are  unknown,  but  the  latter  is  quite  steep,  probably  about 
1^  to  1,  or  at  most  i  to  1,  yet  on  all  of  them  the  banks,  owing  to  the 
character  of  the  soil,  have  withstood  the  elements  remarkably  well. 
The  ditches  will  be  described  in  the  order  in  which  they  are  met  with 
in  descending  the  river. 

The  Upper  Labor  ditch  takes  its  water  from  one  of  the  large  springs 
at  the  head  of  the  river  by  means  of  a  loose-rock  dam.  The  ditch 
follows  the  contour  of  the  land  on  the  west  side  of  the  river  and  ends 
in  the  San  Pedro  Creek,  and  once  commanded  about  600  acres  of 
land,  of  which  only  about  100  acres  are  now  irrigated  and  used  as 
truck  gardens.  Water  rent  is  12  per  acre.  In  1877  the  city  replaced 
the  old  loose-rock  dam  by  a  masonry  one  and  built  an  extension  to  the 
ditch,  called  the  Alazan  branch.  The  latter  was  abandoned  in  1896, 
because  the  land  irrigated  was  devoted  to  residences. 

The  Alamo  Madre  ditch,  bnilt  between  1718  and  1744  to  supply 
wat^r  to  the  Alamo  Mission  and  irrigate  its  lands,  derives  water  from 
the  river  on  the  east  side,  at  a  iK)int  just  opposite  the  Labor  ditch,  by 
means  of  a  low  dam.  The  ditch  then  follows  the  contour  of  the  land 
and  runs  through  the  business  part  of  the  city.     Its  length  is  6  miles. 
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and  it  jimgated  about  900  acres,  of  which  only  about  220  are  now 
cultivated. 

San  Pedro  ditch  was  commenced  in  1738,  and  furnished  water  to 
the  ViUa  de  la  San  Fernando,  the  parish  church  of  which,  now 


Fia  6.— Mission  ditches  below  San  Antonio. 


called  the  San  Fernando  Cathedral,  is  the  geographic  center  of 
San  Antonio.  The  water  for  the  ditch,  taken  from  the  San  Pedro 
Creek,  follows  down  the  east  side  of  this  and  runs  through  the  center 
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of  the  city,  irrigating  430  acres  of  land  below  town.  Its  length  is 
about  4  miles  and  it  is  2  feet  deep  and  6  feet  wide.  The  management 
of  the  above-mentioned  ditches  long  since  passed  out  of  the  hands  of 
the  landowners  and  into  those  of  the  city  authorities,  and  is  intrusted 
to  a  ditch  commissioner  appointed  by  the  mayor.  The  annual  water 
rent  is  $2  per  acre.  The  general  location  of  this  and  lower  ditches  is 
shown  in  fig.  6. 

The  next  ditch  of  importance  is  the  Concepcion,  built  in  1729,  and 
abandoned  in  1869  after  being  in  use  one  hundred  and  forty  years. 
This  was  discarded  on  account  of  the  dam,  which  was  in  the  center  of 
the  city,  causing  much  damage  from  overflow  when  there  was  a  rise 
in  the  river.  This  ditch  was  constructed  to  furnish  water  to  the 
Mision  de  la  Concepcion,  and  was  the  largest  of  all  the  old  ditches. 

The  San  Jose  ditch  was  built,  probably,  about  1720,  to  supply  water 
and  irrigate  the  lands  of  the  mission  of  that  name,  5  miles  below  the 
town.  The  water  was  taken  from  the  San  Antonio  River,  on  the 
west  side,  at  a  point  about  2  miles  above  the  mission,  and,  following 
the  contour  of  the  land,  ran  through  the  mission  and  returned  again 
to  the  river  about  1  mile  below,  after  irrigating  600  acres.  This 
ditch  was  abandoned  in  1860  on  account  of  the  repeated  washing 
away  of  the  loose-rock  dam  across  the  river. 

The  San  Juan  ditch  taps  the  river  on  the  east  side  at  a  point  oppo- 
site the  mission  San  Jose.  It  follows  the  contour  of  the  land  and  car- 
ries its  water  down  to  the  mission  of  the  same  name.  It  was  built  in 
1731  and  is  stiU  in  use.  It  irrigates  over  500  acres  of  land,  which 
rent  with  water  for  $7.50  an  acre  per  annum. 

The  Espada  is  the  last  ditch  taken  from  the  San  Antonio  River, 
though  one  of  the  earliest  in  point  of  construction.  It  takes  its  water 
from  the  river  on  the  west  side  at  a  point  6  miles  below  the  city  by 
means  of  a  loose-rock  and  brush  dam  270  feet  long,  and  built  on  a 
natural  ledge  of  rock  extending  across  the  river,  making  the  total 
height  of  the  obstruction  8  feet.  This  dam  consists  of  layers  of  brush 
weighted  by  loose  rock,  with  gravel  and  earth  thrown  in  in  front, 
forming  a  very  effective  dam,  the  rock  becoming  gradually  cemented 
together  by  a  deposit  of  lime  salts  from  the  water.  It  crosses  Piedras 
Creek  on  a  stone  aqueduct,  shown  in  PL  V,  which  consists  of  a  series 
of  massive  arches  that  seem  in  as  good  preservation  to-day  as  when 
constructed,  more  than  a  century  and  a  half  ago.  The  old  Mexican 
who  lived  close  by  asserted  that  he  had  seen  the  water  in  the  creek, 
in  time  of  flood,  flow  over  the  top  of  the  aqueduct,  sometimes  topping 
it  by  as  much  as  6  feet. 

This  ditch  fell  into  disuse  about  twenty  years  ago  and  was  aban- 
doned until  1895,  when  A.  Y.  Walton,  jr.,  who  owned  several  suertes 
of  land,  organized  the  owners  of  the  lands  commanded  by  it  into  a 
company  (the  Espada  Ditch  Company),  cleaned  out,  widened,  and 
deepened  the  old  ditch,  repaired  the  dam,  and  made  some  change  in 
its  course,  the  total  cost  being  about  $3,000.    The  ditch  is  now  3  miles 
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long,  with  a  bottom  width  of  5  feet,  and  carries  10  second-feet  of 
water.  It  commands  400  acres,  of  which  300  are  irrigated.  The 
annual  cost  of  keeping  the  ditch  in  good  working  order  amounts 
to  25  cents  per  acre.  The  principal  crops  are  100  acres  in  corn,  150 
acres  in  cotton,  a  considerable  area  in  Johnson-grass  meadows,  and 
the  rest  in  truck  gardens  for  the  city  market.  The  appearance  of  the 
crops  under  these  ditches,  even  in  a  time  of  such  abundant  rainfall 
as  the  first  half  of  1897,  is  a  remarkable  proof  of  the  value  of  irriga- 
tion.  The  land  is  mostly  an  alluvial  valley  soil,  very  productive  when 
watered.  On  irrigated  fields  it  is  customary  to  make  at  least  a  bale 
of  cotton  to  the  acre,  while  the  average  on  unirrigated  fields  for  the 
last  five  years  has  hardly  been  more  than  one-fourth  of  that.  Truck 
farmers  raise  all  kinds  of  vegetables,  from  early  spring  until  frost,  in 
the  greatest  profusion. 

Three-fourths  of  a  mile  above  the  head  of  the  dam  which  supplies 
Espada  ditch  is  the  head  gate  of  the  Trueheart  ditch,  the  only  modem 
canal  taken  from  the  San  Antonio  River.  This  was  begun  in  August, 
1895,  and  completed  in  May,  1896,  at  a  cost  of  about  $18,000;  it  has 
a  total  length  of  10  miles  and  is  designed  to  carry  30  second-feet  of 
water.  There  is  no  dam,  the  canal  entering  the  river  directly  and  the 
head  gates  being  of  wood  with  brick  abutments.  The  cut  for  the  first 
3,000  feet  averages  14  feet  in  depth,  with  a  bottom  width  of  6  feet.  It 
now  carries  much  less  than  the  registered  amount  of  water,  a  freshet 
having  washed  away  the  head  gates  and  largely  filled  up  the  first  few 
hundred  feet  of  the  canal,  allowing  only  about  1.5  second-feet  of 
wat-er  to  enter  it.  This  is,  however,  amply  sufficient  for  the  land  at 
present  under  irrigation,  which  is  this  year  (1897)  about  400  or  500 
acres,  though  the  canal  commimds  1,500  acres.  The  principal  crops  are 
alfalfa,  Irish  potatoes,  com,  cotton,  and  vegetables.  The  water  rights 
are  held  at  $15  per  acre,  and  the  annual  rental  is  $2.50  per  acre,  but 
all  of  the  land  irrigated  so  far  belongs  to  the  owners  of  the  canal. 
This  canal  has  seven  flumes,  one  of  which,  shown  in, fig.  7,  is  1,000 
feet  in  length,  with  an  average  height  of  20  feet.  It  carries  the 
water  across  a  Valley  at  Minita  ranch,  11  miles  from  San  Antonio. 
The  slope  is  given  as  i  to  1. 

There  is  some  irrigation  practiced  in  and  near  San  Antonio  from 
artesian  wells,  a  view  of  one  of  which  is  shown  on  PL  VI.  ^  The  most 
extensive  is  that  of  H.  D.  Kampman,  who  has  a  well  on  his  place  with 
an  estimated  flow  of  1^  million  gallons  in  twenty-four  hours  under  20 
pounds  pressure,  or  2.32  second-feet.  This  well  is  970  feet  deep, 
and  was  drilled  at  a  cost  of  $3,000.  It  is  allowed  to  flow  on  250 
acres  of  the  owner's  land,  this,  being  in  alfalfa,  needing  only  a  small 
portion  of  the  water.  It  has  been  stated  that  this  well  would  irrigate 
1,000  acres  of  land  through  a  system  of  ditches  or  storage  tanks.     A 


» For  details  see  paper  by  Robert  T.  Hill  in  Part  II  of  Eighteenth  Ann.  Ropt  U.  8.  QeoL  Sur- 
yey,  p.  20a 
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second  well  near  the  same  place  dischai^es  about  one-third  as  much 
water. 

Below  the  city  of  San  Antonio  is  an  irrigation  farm  which  is  prob- 
ably unique  in  the  State,  but  which  may  be  considered  as  being 
typical  of  others  in  various  parts  of  the  United  States.  This  is  the 
sewage  farm,  to  which  is  brought  for  puriAcatinn  and  disposal  the 
waste  from  the  city.  This  method  of  disposal  is  one  which  is  rapidly 
growing  in  favor,  not  only  in  arid  and  seniiarid  regions  but  in  humid 
countries  as  well,  being  extensively  practiced  in  New  England  and 
in  various  European  countries.  The  city  sewage  farm  consists  of 
about  400  acres,  subdivided  into  a  number  of  small  tracts  or  gardens 
sufficient  in  area  to  take  all  of  the  present  output  of  sewage.  These 
gardens  occupy  a  space  about  400  feet  square.     Near  them  are  a 
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nnmber  of  broad  basins  surrounded  by  low  dikes  to  receive  the  flow 
from  the  sewer  outlet  when  water  is  not  wanted  on  the  gardens.  It 
is  intended  to  plant  most  of  these  basins  in  crops  which  will  not  be 
injured  by  a  consideiable  amount  of  water,  so  that  the  surface  will 
be  covered  by  vegetation  throughout  the  greater  part  of  the  summer. 

Along  San  Antonio  River  belowthe  city  are  several  pumping  plants 
operated  by  steam.  A  small  one  at  Elmendorf,  owned  by  C.  M. 
Rounds,  is  very  conveniently  arranged  for  supplying  water  to  a 
dwelling  house  and  also  for  irrigating  purposes.  Thewater  ispnmped 
into  an  elevated  wooden  cistern  near  the  river  bank  and  thence  piped 
to  another  cistern  at  the  house  and  to  the  garden  and  orchard. 

Thirty  miles  below,  on  the  same  river,  near  Floresville,  in  Wilson 
County,  are  reported  two  more  similar  plants.     That  of  A.  G.  Pickett 
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is  the  more  important.  It  was  set  up  in  1893  and  consists  of  a 
40-horsepo  wer  steam  boiler,  operating  a  Blakeslee  duplex  steam  pump, 
which  is  connected  to  the  boiler  by  a  2-inch  steam  pipe.  From  12  to 
15  horsepower  only  is  used  at  present,  it  being  the  intention  of  the 
owner  to  extend  his  plant  by  the  addition  of  more  pumps  as  more 
land  is  brought  under  irrigation.  The  average  distance  from  the 
pump  to  the  water  is  15  feet,  and  the  average  lift  is  50  feet.  There  is 
no  reservoir,  the  water  being  pumi)ed  directly  into  the  ditch.  The 
total  cost  of  the  plant  is  estimated  at  $2,500,  and  it  requires  one  man 
at  a  cost  of  12^  cents  per  hour  to  operate  it.  The  pump  is  covered  by 
high  water  in  the  river  from  two  to  four  times  a  year.  This  plant 
was  built  with  an  idea  of  irrigating  from  300  to  400  acres,  and  has 
sufficient  boiler  capacity,  but  will  require  additional  pumps.  The 
present  pump  has  a  7-inch  suction  pipe  with  a  6-inch  discharge,  and 
is  estimated  to  pump  about  750  gallons  per  minute,  or  1.67  second- 
feet.  The  present  capacity  is  sufficient  to  irrigate  from  75  to  100 
acres.  The  annual  cost  of  water  is  estimated  at  from  12  to  $6  per 
acre,  according  to  the  amount  of  rainfall  and  pumping  done.  There 
has  been  difficulty  in  getting  on  the  place  tenants  of  sufficient  intelli- 
gence and  progressiveness  to  use  the  water  on  their  crops  or  to  grow " 
crops  that  will  repay  the  cost  of  water  and  labor.  They  prefer  to 
continue  planting  cotton. 

The  other  plant  is  located  7  miles  from  Floresville,  and  is  owned  by 
W.  E.  Crandall  and  J.  O.  Dewees.  It  was  first  used  in  1896,  and  con- 
sists of  a  10-horsepower  boiler  operating  a  Blake  pump  set  on  the 
river  bank  at  a  distance  of  70  feet  from  the  boiler,  and  with  a  capacity 
of  from  75  to  100  gallons  per  minute,  or  from  0.17  to  0.22  second-foot. 
The  average  distance  from  the  pump  to  the  surface  of  the  water  is  22 
feet  and  the  total  lift  is  48  feet,  the  wat.er  being  pumped  into  a  reser- 
voir 50  feet  long,  50  feet  wide,  and  8  feet  deep,  formed  by  building  an 
earthen  wall  on  all  sides.  The  total  cost  of  the  plant  is  estimated  at 
$295,  and  it  is  used  for  raising  vegetables. 

About  50  miles  easterly  from  Floresville  is  locat<ed  the  enterprise  of 
the  Buchel  Power  and  Irrigation  Company.  The  plant  is  located  3 
miles  west  of  Cuero  and  is  to  consist  of  a  permanent  stone-and-con- 
crete  dam  across  the  Guadalupe  River,  which,  when  completed,  will  be 
165  feet  long  on  the  crest,  or  200  feet  long  including  abutments,  23  feet 
high,  and  will  raise  the  water  10  feet  above  the  usual  water  level. 
The  dam  was  begun  in  December,  1896,  and  in  June,  1897,  wa«  about 
one-half  completed.  The  10-foot  head  of  water  will  be  used  to  run 
turbines  which  will  operate  force  piimps,  raising  the  water  a  total 
height  of  60  feet  to  a  reservoir  about  500  feet  distant  from  the  dam. 
From  this  reservoir  canals  will  lead  to  the  land  to  be  irrigated.  The 
reservoir  is  to  be  an  artificial  one  with  earthen  banks,  and  is  calcu- 
lated to  have  a  capacity  of  10  million  gallons,  oe  30  acre-feet.  The 
area  to  be  irrigated  consists  of  rich  valley  land  along  the  east  bank  of 
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the  G-nadalnpe  River,  2,000  acres  of  which  are  owned  by  the  company 
and  will  be  first  put  under  ditch.  If  successful  with  this  tract,  the 
company  expects  to  extend  the  system  to  cover  2,000  more  acres  of 
the  same  valley.  The  growth  of  all  varieties  of  crops  is  contemplated, 
but  especially  alfalfa,  fruits,  and  vegetables.  Guadalupe  River  has 
an  estimated  average  flow  of  800  second-feet,  and  with  the  10-foot 
head  it  is  expected  to  develop  about  700  horsepower.  Probably  one- 
third  of  this  will  be  used  for  irrigation,  the  remainder  being  converted 
into  electrical  energy  and  carried  to  the  town  of  Cuero. 

South  of  Cuero  about  30  miles,  near  Goliad,  G.  W,  Simmons  has  pnt 
in  a  plant  consisting  of  a  S^-horsepower  gasoline  engine  and  a  pump 
with  a  capacity  of  33  gallons  per  minute,  or  0.07  second-foot.  The 
water  is  obtained  from  a  small  stream  across  which  has  been  placed  a 
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wooden  dam  60  feet  long  and  3  feet  high,  and  is  raised  20  feet  and 
pumped  directly  into  the  ditch.  The  total  cost  was  t450,  and  the  plant, 
while  it  has  not  been  fully  tested,  is  expected  by  its  owner  to  irrigate 
10  acres. 

In  Bee  County,  at  the  State  siibexperiment  station,  under  the  direc- 
tion of  S.  A.  McHenry,  superintendent,  is  a  pumping  plant  erected  for 
the  purpose  of  irrigating  the  orchard  and  lands  devoted  to  horticul- 
tural experiments.  It  consists  of  a  S^horsepower  gasoline  engine  and 
a  windmill,  pumping  from  a  well  74  feet  deep,  in  which  the  water 
stands  32  feet.  The  pump  has  a  cylinder  3^  inches  in  diameter  by  38  ■ 
inches  long,  with  a  24Aaeh  stroke  when  run  by  the  engine  and  a  9-iDoh 
stroke  when  the  windmill  is  used.  The  capacity  with  the  engine  is  24 
g^allons  per  minute,  or  0.05  second-foot.     The  water  is  forced  600  feet 
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to  a  reservoir  at  a  height  of  16  feet  above  the  top  of  the  well.  The 
reservoir  is  32  feet  long,  52  feet  wide,  and  8  feet  deep,  and  contains 
about  100,000  gallons,  0.3  acre-foot.  It  wtis  built  by  excavating  4  feel 
deep  and  building  earthen  walls  of  the  same  height  around  it,  the 
total  cost  being  |5140.  On  account  of  the  very  i>orou8  nature  of  the 
soil,  all  tanks  in  this  region  must  be  lined  with  some  artificial  mate- 
rial— cement,  asphalt,  or  coal  tar.  That  at  the  experiment  sUition 
(shown  in  fig.  8,  p.  49)  is  lined  with  a  mastic  consisting  of  73  per  cent 
sand,  25  per  cent  coal  tar,  and  2  per  cent  lime.  The  sand  and  lime 
are  mixed  together  and  the  tar  is  boiled  until  it  will  string  and  is 
mixed  hot  with  the  other  ingredients.  It  is  spread  on  the  bottom  and 
sides  while  hot  at  the  rate  of  52  pounds  to  the  squai^e  jard.  On  top 
is  put  a  varnish  formed  by  boiling  pure  coal  tar  and  flashing  it  with  a 
lighted  match  to  burn  off  the  light  oils.  Tlie  plant  wa«  completed  in 
1897  and  has  been  used  but  little  yet.  It  is  estimated  that  20  acres 
can  be  handled  in  the  present  condition  of  the  plant.  The  engine 
uses  5  gallons  of  gasoline  in  one  hour. 

On  the  Kaylor  and  Ileldenfells  place,  near  Beeville,  is  a  circular 
tank  80  feet  in  diameter  and  12  feet  deep  in  the  center.  It  is  lined 
with  cement  and  supplied  with  water  by  two  windmills  pumpin*:: 
from  wells.  It  commands  40  acres  in  orchard  and  vineyard,  but  has 
been  used  very  little  of  late  for  irrigating  and  not  at  all  for  the  grapes. 
An  attempt  has  been  made  to  subiiTigate  by  means  of  wooden  troughs, 
but  this  method  has  fallen  into  disuse.  In  Beeville,  W.  C.  McDowell, 
since  1893,  has  been  irrigating  his  truck  garden,  consisting  of  (me-half 
acre.  Water  is  raised  by  a  windmill,  pumping  from  a  70-foot  well 
into  a  wooden  cistern  of  2,800  gallons  ca-pacity. 

NUECES  RIVER  AND   LOWER  RIO   GRANDE. 

Nueces  River  receives  the  drainage  from  that  portion  of  southern 
Texas  lying  between  San  Antonio  River  on  the  east  and  the  lower  Rio 
Grande  on  the  west.  For  convenience  of  description  the  irrigation 
projects  within  this  drainage  basin  are  given  in  geographic  order  from 
the  head  waters  to  the  Gulf,  and  after  these  the  similar  enterprises 
along  the  Rio  Grande  from  the  mouth  of  Pecos  River  southeasterly. 

On  the  head  waters  of  Nueces  River,  about  4  miles  northeast  of 
Leakey,  is  a  brush-and-stone  dam  across  Frio  River  45  feet  long  and 
2  feet  high,  built  in  1896.  This  supplies  a  ditch  2  miles  long,  with  a 
top  width  of  5  feet,  bottom  width  of  3  feet,  and  depth  of  3  feet.  Il 
was  first  used  in  1897,  and  commands  300  acres,  of  which  115  havo 
been  cultivated.  Sixty  acres  are  in  cotton,  50  in  corn,  and  the  remain- 
der in  oats  and  vegetables.  Two  miles  below  on  the  same  river  is  a 
ditch  irrigating  50  acres.  Toward  the  east,  on  Turtle  Creek,  in  KeiT 
County,  a  small  amount  of  land  is  irrigated,  and  in  Bandera  County 
300  acres  are  irrigated  by  small  ditches  taking  water  from  Frio  River. 

At  Bates ville,  and  southerly  at  Carrizo  Springs,  on  the*  west  side  of 
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Nueces  River,  is  a  considerable  amount  of  irrigation,  or  rather  a 
laige  number  of  irrigation  plants  operated  by  windmills,  and  at  the 
latter  place  some  irrigation  from  flowing  artesian  wells.  The  appli- 
ances are  of  the  usual  type,  and  the  acreage  commanded  by  each  man 
is  very  small,  and  consequently  expensive.  In  Zavalla  County  are 
also  3  miles  of  ditches  and  500  acres  under  irrigation  from  artesian 
sources. 

A  number  of  schemes  have  been  proposed  for  bringing  under  irri- 
gation considerable  areas  along  Nueces  Kiver,  especially  about  the 
middle  portion  of  its  courae.  The  success  attained  by  the  present 
methods,  though  crude,  has  been  such  a«  to  encourage  others  to 
attempt  the  construction  of  better  devices.  Actual  work  has  been 
held  back  to  a  considerable  extent  by  the  defective  laws,  but  since  the 
passage  of  more  favorable  legislation  in  1895  several  projects  have 
been  re\'ived. 

Nueces  River,  with  its  tributaries,  has  a  catchment  area  of  about 
20,000  square  miles.  The  amount  and  distributicm  of  rainfall  through- 
out this  territory  is  such  that,  Avith  the  sandy  soil,  a  comparatively 
small  amount  flows,  even  in  the  main  stream.  Few  of  the  tributaries 
can  be  said  to  be  perennial  in  flow,  many  becoming  nearly  or  com- 
pletely dry  at  certain  seasons  of  the  year.  The  Nueces  itself  and  sev- 
eral of  its  tributaries,  such  as  the  Frio  and  Lena,  head  in  large  springs 
on  the  edge  of  the  plateau.  Here  are  admirable  localities  for  divert- 
ing water  for  irrigation.  On  leaving  the  plateau  country  the  streams 
t^nd  to  diminish,  a  considerable  poi'tion  of  the  water  being  lost  in  the 
sandy  channels,  occasionally  reappearing  when  forced  to  the  surface 
by  impervious  strata.  Throughout  the  area  to  the  south  of  the  line 
of  the  Southern  Pacific  Railroad  the  perennial  flow  is  so  small  or 
uncertain  that  irrigation  on  a  large  scale  must  depend  upon  storage 
reservoirs  holding  storm  waters. 

By  consulting  a  map  it  will  be  seen  that  Nueces  River  flows  from 
its  head  in  a  general  southerly  direction,  but  at  a  point  about  35 
miles  west  of  Cotulla  it  turns  toward  the  east.  At  this  point  the 
^agoin  road  between  Cotulla  and  Carrizo  Springs  crosses  by  means  of 
a  bridge.  The  region  west  of  the  river  contains  a  number  of  long, 
deep,  narrow  bodies  of  water,  known  as  Soldier,  Espantosa,  and  Cai- 
manche  lakes.  The  two  former  are  practically  parallel  to  the  course 
of  the  river  and  are  connected  by  a  slough  or  arroyo,  while  the  north- 
em  end  of  Espantosa  Lake  is  connected  in  a  similar  manner  with  the 
main  channel  of  the  river.  In  time  of  flood  the  water  rushes  through 
the  connecting  channel  into  Espantosa  Lake  and  returns  again  to  the 
river,  either  through  an  independent  channel  which  issues  from  the 
south  end  of  Espantosa  Lake  direct  to  the  river,  or  through  Soldier 
Slough  or  Lake,  which  in  its  turn  discharges  its  water  through  a  chan- 
nel connecting  it  with  the  river.  In  other  words,  in  time  of  flood  the 
river  splits  into  two,  one  portion  passing  through  the  main  channel 
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and  the  other  being  diverted  to  the  west,  passing  through  the  lakes 
and  returning  again  to  the  river. 

Caimanche  Lake  is  quite  different  in  its  nature  from  the  two  just 
mentioned.  It  lies  northwest  of  the  Espantosa  about  3  miles,  and  at 
an  elevation  of  15  feet  above  the  latter.  This  lake  gathers  the  water 
of  a  large  drainage  basin,  extending  from  the  Rio  Grande  divide  on 
the  south  to  many  miles  beyond  the  Southern  Pacific  Railroad  on  the 
north,  a  region  containing  springs  and  an  easily  obtainable  supply  of 
artesian  water.  Its  water  is  discharged  through  Espantosa  Slough 
into  Nueces  River,  and  ordinarily  its  volume  is  double  that  in  the 
main  channel  of  the  river  itself  before  its  junction  with  Espantosa 
Slough.  It  is  proposed  to  convert  Caimanche  Lake  into  a  storage 
reservoir  by  means  of  an  earthen  dam  IJ  miles  in  length  and  30  or  25 
feet  in  height.     The  area  of  the  reservoir  at  the  height  of  170  feet 
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above  an  assumed  datum  will  be  8,500  acres;  at  177  feet,  or  with  a 
dam  20  feet  high,  it  will  he  10,000  acres;  and  at  185  feet  it  will  be 
12,500  acres.  The  original  estimates  were  made  (or  a  20-foot  dam, 
but  it  has  since  been  concluded  that  a  dam  25  feet  high  is  equally 
feasible  and  will  make  a  much  gi-eater  volume  of  water  available. 
The  spillway  will  be  constructed  5  feet  below  the  crest  of  the  earth- 
work. Though  in  possession  of  no  accurate  data  as  to  the  hydrog- 
raphy of  the  drainage  basin,  the  projectors  are  confident  that  the 
flood  discharges  are  sufficient  to  fill  the  reservoir  several  times  in 
the  course  of  a  year.  In  addition  to  the  natural  drainage  of  the 
basin,  they  expect  to  avail  themselves  ot  the  waters  of  the  main 
stream  of  the  Nueces. 

The  old  channel,  connecting  the  northern  extremity  of  Esi>antosa 
Lake  with  the  river,  has  been  already  mentioned.     Except  in  flood 
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seasons,  no  water  enters  the  lake  through  this  channel,  there  being  a 
high,  rocky  barrier  in  its  center,  known  as  Rock  Falls.  By  con- 
structing a  diversion  dam  on  the  Nueces  River  below  the  point 
where  the  slough  to  the  Espantosa  leaves  it,  and  by  cutting  a  channel 
If  miles  long  from  the  upper  side  of  Rock  Falls  into  Caimanche 
Lake,  the  river  and  the  reservoir  can  be  connected. 

To  use  the  water  so  stored  it  is  proposed  to  pass  it  down  the  slough 
connecting  Caimanche  and  Espantosa  lakes,  through  the  Espantosa, 
and  finally  into  the  river  channel.  From  the  channel  it  is  to  be 
diverted  by  means  of  a  dam  some  distance  below  the  Carrizo  Springs 
bridge  into  a  canal  on  the  east  bank  of  the  river.     Soldier  Slough, 
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Fio.  10.— Map  of  proposed  Nneoee  reservoir  and  canaL 

already  mentioned,  must  also  be  closed  by  a  dam  of  the  same  height 
as  the  diversion  dam  on  the  river.  These  dams  themselves  would 
impound  a  considerable  quantity  of  water;  just  how  much  has  not 
been  estimated.  At  the  lower  diversion  dam  the  company  expect  to 
avail  themselves  of,  first,  the  water  impounded  by  the  dam  itself; 
second,  the  natural  flow  of  the  river;  and,  third,  the  storage  water  of 
Caimanche  Lake.  After  a  diversion  line  of  less  than  a  mile  the 
water  of  the  canal  can  be  taken  out  on  the  land.  The  grade  adopted 
is  1  foot  to  the  mile.  The  land  covered  by  the  canal  is  among  the 
richest  in  Texas,  well  adapted  for  corn,  cotton,  sugar,  or  alfalfa, 
and  the  upper-line  canal  would  reach  very  fine  fruit  lands.  Allow- 
ing as  much  as  2  feet  of  water  per  acre  per  annum,  it  is  estimated 
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by  the  promoters  that  there  will  l>e  8ufficient  to  irrigate  50,000 
acres. 

About  35  miles  below  the  diverting  dam  on  the  Nueces  River  turn- 
ing water  into  Caimanche  Reservoir,  the  river  passes  from  Dimmit 
County  into  Lasalle  County,  and  for  about  10  miles  below  the  county 
line  the  valley  widens,  the  topography  being  favorable  for  the  creation 
of  a  reservoir.  By  constructing  a  masonry  dam  2,600  feet  long  and 
50  feet  high  in  the  center,  it  is  proposed  to  create  what  is  known 
as  the  Nueces  Reservoir,  having  an  area  of  12,700  acres.  Such  a 
reservoir  would  receive  all  of  the  waste  and  seepage  water  from  the 
storage  works  and  irrigation  canals  above,  but,  being  situated  on  the 
main  line  of  the  river,  would  be  subject  to  floods.  It  is  proposed  to 
take  out  water  on  the  north  side  of  Nueces  River  by  means  of  a 
canal,  which,  winding  along  the  slopes,  ultimately  passes  north- 
easterly over  the  divide  between  the  Nueces  and  Frio  rivers,  thus 
commanding  a  great  area  of  agricultural  land.  The  expense  per 
acre  irrigated  is  estimated  to  be  about  double  that  of  the  Caimanche 
project. 

About  ICK)  miles  farther  down  Nueces  River,  at  the  junction  with 
Frio  River,  surveys  have  been  made  by  private  capital  to  ascertain 
the  feasibility  of  constructing  an  immense  system  of  storage  reser- 
voirs with  a  view  to  the  i  negation  of  the  valley  lands  and  also  that 
portion  of  the"  coastal  plain  which  can  easily  be  reached  by  high-line 
canals  from  the  uppermost  of  the  intended  works.  Fourtieen  stor- 
age reservoirs  are  proposed  for  this  system,  and  the  sitos  for  these 
have  been  examined,  located  both  above  and  below  Live  Oak.  Their 
total  holding  capacity,  as  stated  by  William  Harrison,  who  has  made 
all  of  the  surveys,  is  approximately  1,702,300  acre-feet.  Though  of 
so  comprehensive  a  nature,  the  project  can  be  completed  in  sections 
should  sufficient  water  be  available,  ea<».h  part  l)ecoming  a  source  of 
revenue  possibly  years  before  the  final  comjiletion  of  the  system. 
The  two  most  important  of  tliQ  proposed  reservoirs  will  be  those 
formed  by  permanent  masonry  dams  across  the  Nuecos  and  Frio  riv- 
ers, respectively,  at  what  are  probablj'^  the  outlets  of  ancient  lakes, 
through  the  beds  of  which  the  rivers  flow. 

The  total  area  which  it  is  estimated  may  be  brought  under  irriga- 
tion by  the  sj'^stem  of  canals  supplied  by  these  reservoirs,  if  filled,  is 
something  over  a  million  acres.  The  soils  are  principally  of  three 
general  charactci-s,  known  under  tlie  local  names  of  black  mesquite, 
sandy  loam,  and  resaca  lands.  The  black  mesquite  comprises  most 
of  the  coastal  slope  and  valley  lands  of  this  region.  It  is  a  dark, 
sandy  loam  of  great  depth  and  richness,  easily  cultivated,  and  capa- 
ble of  producing  a  considerable  range  of  crops.  The  sandy  loam 
proper  is  found  in  the  live-oak  lands,  and  is  also  fertile,  though  not  so 
well  adapted  to  a  variety  of  crops  as  the  black-mesquit-e  soils.  The 
resaca  lands  are  dark  and  waxy,  l)eing  composed  of  river  silt,  and 
possess  the  fertility  always  found  in  such  soils.     They  have  been  but 
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littlo  cultivated  as  yet,  owing  to  their  liability  )<i  uverllow.  Th'iB  iat- 
ter  fault  could  be  remedied  by  the  building  of  storag*.*  reservoirs, 
which  would  largely  control  the  flood  waters. 

Farther  down  the  river  is  the  pumpiu^  plant  of  the  Grover  Irriga- 
tion Company,  the  most  extensive  of  it.s  kind  in  this  region.  It  is 
located  on  Kueces  River,  8  miles  north  of  Mathis,  and  consists  of  a 
lOO-horsepower  boiler  andaTo-hnrsepower  engine,  opuraliug, by  means 
of  a  belt,  as  shown  in  fig.  11,  a  Mengc  pump  witli  an  estimated 
capacity  of  from  5,800  to  0,700  gallons  per  minute,  or  fnini  12.!)2  to 
li.ifi  seuond-feet.  The  pump  in  set  in  a  well  8  feet  in  diameter,  on 
the  banks  of  the  ri^■e^,  and  connected  with  the  water  in  the  river  by 
a  tunnel  4  feet  square.     The  average  lift  is  48  feet.     There  is  no  res- 


Pia.  11,— Pnuii>  and  flamo  un  Nuoooa  Bivor. 

ervoir,  the  water  l)eing  pumped  directly  into  tlie  ditcli.  The  total 
cost  of  the  plant  is  given  aw  *5,(KX),  and  the  runninj;  exiwnses,  includ- 
ing engineer  at  ♦!  i»'r  day,  fin>mjin  at  75  cents  per  day,  3  coiils  of 
wood  at  (10  cents,  and  7(1  cents  for  nil  and  incidentals,  amounts  to 
iM.i!5.  The  manager  states  that  he  has  watcrfid  10  acres  in  twelve 
hours  on  land  located  near,  but  never  more  than  half  that  amount  on 
ft  tract  three-fourths  of  a  iniledistant  from  the  pump.  Thisisappar- 
ently  a  low  efficiency.  The  total  length  of  the  main  ditch  is  (ij-toO 
feet,  with  a  top  width  of  «  feet  ami  a  bottom  width  of  2^  feet.  It 
carries  abont  3  feet  of  water.  This  plant  has  not  Invd  a  thoi-ough  lesl, 
as  it  has  never  been  run  steadily.  Each  individual  owner  has  the 
use  of  it  alternately  for  twcuty-four  hours.     It  is  designed  to  cover 
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600  acres,  but  not  more  than  70  acres  have  ever  been  watered.  The 
principal  crops  were  corn  and  the  vegetables  of  a  truck  garden,  also 
a  young  orchard  and  vineyard.  The  com  is  irrigated  about  twice  in 
a  season,  but  in  1897  it  was  irrigated  only  once. 

Five  miles  west  of  Mathis,  on  the  same  river,  is  a  pumping  plant 
owned  by  S.  G.  Miller  and  Lon  C.  Hill,  which  was  built  in  1893  and 
consists  of  a  40-horsepower  boiler  connected  directly  by  a  steam  pipe 
with  a  double-action  pump  having  a  capacity  of  over  134  gallons  per 
minute,  or  0.29  second-foot,  lifting  the  water  a  total  distance  of  39  feet 
at  low  stages  of  the  river.  The  total  cost  of  the  plant  was  about 
$3,000,  and  it  commands  140  acres  in  cultivation,  of  which  not  more 
than  70  acres  have  ever  been  irrigated.  One  of  the  owners  states  that 
he  has  had  three  years'  experience  irrigating  vegetables,  and  has  not 
made  anything  out  of  it,  owing  mainly  to  frosts.  Lack  of  railroad 
facilities  and  difficulty  of  getting  goods  on  the  market  in  good  order 
have  been  other  detriments.  He  claims  that  it  is  a  question  whether 
irrigating  by  steam  will  pay  when  raising  the  ordinary  crops  of  corn 
and  cotton.  The  continual  expense  attached  to  it  is  too  great.  Expe- 
rience has  taught  him  that  a  man  can  not  irrigate  more  than  4  acres 
per  day  of  twelve  hours  with  1  million  gallons,  or  3  acre-feet,  of  water. 
Ribbon  cane  has  here  been  found  to  be  the  surest  and  most  paying 
crop  tried. 

On  the  Rio  Grande  below  the  mouth  of  Pecos  River  one  of  the  most 
important  irrigated  areas  is  that  along  San  Felipe  Creek  near  the 
town  of  Del  Rio.  This  short  creek  is  formed  by  four  large  springs 
about  1  mile  east  of  the  town,  within  one-fourth  of  a  mile  of  one 
another.  In  the  4^  miles  from  the  springs  to  the  Rio  Grande  the  fall 
of  the  stream  is  62  feet,  thus  furnishing  an  excellent  water  power  for 
manufacturing.  There  have  been*  four  ditches  taken  out,  two  of  which 
are  for  irrigation.  These  are  supplied  with  water  by  means  of  two 
X)ermanent  masonry  dams,  65  and  150  feet  in  length,  respectively,  and 
each  8  feet  high.  The  first-named,  shown  on  PI.  VII,  -4,  is  nearest 
the  springs  and  is  the  starting  point  of  the  Madre  ditch;  the  second, 
about  a  mile  below,  supplies  the  San  Felipe  ditch,  as  shown  by 
PI.  VII,  B. 

These  systems  of  water  supply  were  first  used  in  1879.  They  are 
owned  by  the  San  Felipe  Agricultural,  Mechanical  and  Irrigation 
Company,  in  which  the  shares  are  held  by  owners  of  the  land  com- 
manded by  the  ditches.  The  total  cost  of  the  enterprise  was  about 
$25,000,  and  the  annual  cost  of  maintaining  it  is  about  50  cents  per 
acre  per  annum.  The  main  ditches  measure  about  4  miles  in  length 
and  are  10  feet  wide  at  the  top,  have  perpendicular  sides,  and  carry 
about  2  feet  of  water.  The  laterals  are  four  in  number,  with  an  aver- 
age width  of  4  feet  and  a  total  length  of  6  miles.  The  total  area  irri- 
gated is  3,600  acres,  in  meadow,  cotton,  corn,  gardens,  orchai*ds,  and 
vineyards. 


H  8UPPI.VIN0  MAORE  DITCH  A 


B.  DAM  FOR  SAN   F 


HoraoK]  PROJECTS   AT   EAGLE   PAfla  57 

lliere  are  about  3,000  acres  of  irrigable  land  unutilized  on  the  east 
side  of  San  Felipe  Creek.  The  land  has  mainly  what  is  called  an 
"adobe "  soil.  It  is  fertile  when  watered  and  seems  peculiarlj' adapted 
to  the  grape  and  the  pear.  All  kinds  of  fruits  and  vegetables  are  grown 
in  profusion.  On  June  15  melons,  plums,  and  apples  were  ripe.  The 
impression  made  on  the  traveler  who  comes  from  the  droughty  and 
sun-scorched  plains  to  such  a  spot  is  not  soon  forgotten.  This  culti- 
vated tract  has  been  so  isolated  from  the  rest  of  the  agricultural 
world  that  none  of  the  diseases  which  so  reduce  the  profits  of  the 
grape  or  fruit  grower  elsewhere  have  been  introduced  as  yet.  Grapes 
produce  from  6,000  to  10,000  pounds  to  the  acre,  and  are  mostly  made 
into  wine,  the  above  yields  giving  from  10  to  16  barrels  of  wine. 

East  of  Del  Rio  an  attempt  made  to  use  the  waters  of  Pinto  Creek 
has  been  unsuccessful  because  the  supply  failed  just  at  the  season 
when  it  was  needed.  Dams  for  the  purpose  of  storing  the  flow  of  the 
creek  for  use  in  the  summer  are  necessary  before  anything  further 
can  be  done.  On  Mud  Creek,  C.  Vivian,  by  means  of  a  solid  masonry 
dam  100  feet  long,  irrigates  several  hundred  acres  of  land. 

At  Eagle  Pass,  about  60  miles  below  Del  Rio,  there  is  a  pronfising 
enterprise  for  irrigating  a  considerable  area  from  the  Rio  Grande. 
This  river,  though  dry  each  year  near  El  Paso,  has  here  a  minimum 
flow  of  not  less  than  3,000  second-feet,  due  mainly  to  its  tributaries, 
the  Pecos  and  Devil  rivers,  in  Texas,  and  the  Concho,  in  Mexico.  The 
company  building  the  canal  is  called  the  Eagle  Pass  Irrigation  and 
Waterworks  Company.  It  is  proposed  to  take  out  a  canal  with  a 
capacity  of  2(X)  second-feet  at  a  point  on  the  river  35  miles  above 
Eagle  Pass,  where  a  ledge  of  rock  furnishes  a  natural  dam  site  and 
opportunity  for  locating  regulating  works.  From  there  the  canal  is 
brought  down  for  12  miles  along  the  base  of  the  hills,  which  here  skirt 
close  to  the  river  channel.  Two  and  one-half  miles  from  its  beginning 
it  will  empty  into  Pinto  Creek,  which  will  be  dammed  and  will  form 
a  settling  basin  for  the  coarser  silt  and  sand. 

The  dam  across  Pinto  Creek  will  contain  scouring  sluices  for  the 
purpose  of  keeping  the  channel  free  from  sediment  and  of  letting  the 
flow  of  the  creek  pass  in  time  of  flood.  At  the  end  of  12  miles  the 
canal  comes  out  on  the  valley  to  be  irrigated.  An  old  lake  bed  is 
surrounded  by  a  semicircular  line  of  ridges  which  abut  on  the  river 
at  the  northern  and  southern  ends.  A  similar  line  of  hills  bounds 
the  Mexican  side  of  the  valley.  Through  this  valley  the  river  has 
cut  its  channel  some  40  feet  below  the  surface,  leaving  two-thirds 
on  the  Texas  and  one-third  on  the  Mexican  side.  The  canal  is 
designed  to  skirt  along  this  boundary  line  of  ridges  to  the  end  of  the 
valley,  where  it  empties  into  .the  river  after  irrigating  20,000  acres. 
There  is  a  plan  to  enlarge  it  at  some  time  in  the  future  and  carry 
it  to  Eagle  Pass  to  irrigate  some  100,000  acres.  The  total  length  of 
the  main  canal,  as  it  is  to  be  built  now,  is  28  miles,  with  an  average 
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bottom  width  of  25  feet  and  carrying  3^  feet  of  water.  It  was  begun 
in  1888,  when  3^  miles  were  completed,  and  the  work  was  then  tempo- 
rarily abandoned.  There  is  little  rockwork,  and  the  expense  will  not 
be  excessive.  The  estimates  for  the  main  canal  complete  are  about 
$133,000.  The  side  slopes  are  to  be  li  to  1  and  the  grade  13  inches  to 
the  mile.  This  is  expected  to  give  a  current  sufficient  to  largely  pre- 
vent the  deposition  of  silt  from  the  water  before  it  reaches  the  land. 
The  land  is  very  nearly  level,  with  a  descent  down  the  river  of  3^  feet 
to  the  mile.  The  soil  is  a  fertile  alluvial  loam.  The  company,  which 
owns  all  of  the  land  to  be  irrigated,  expects  to  largely  reimburse  the 
shareholders  by  selling  farms  of  from  40  to  100  acres  in  area.  The 
annual  charge  for  water  will  be  tl.50  per  acre. 

At  Laredo,  about  100  miles  below  Eagle  Pass,  considerable  interest 
has  been  manifested  in  irrigation  by  means  of  pumping.  One  of  the 
largest  plants  is  that  owned  by  Albert  Urbahn,  which  was  completed  in 
1897  and  consists  of  an  80-horsepower  lx)iler,  operating  a  pulsometer 
with  a  nominal  capacity  of  1,000  gallons  per  minute,  or  2.23  second- 
Jeet.  The  steam  is  conveyed  to  the  pump  directly  from  the  boiler  by  a 
4-indi  pipe  reduced  1^  inches,  and  the  lift  is  65  feet.  The  pump  is 
operated  twelve  hours  each  day,  having  an  actual  capacity  of  500 
gallons  per  minute,  or  1.11  second-feet,  and  is  expected  to  irrigate  125 
acres.  So  f<ar  only  50  acres  have  been  watered.  The  land  is  planted 
in  grapes,  corn,  sorghum,  alfalfa,  and  tomatoes.  The  water  is  car- 
ried to  the  land  in  a  12-inch  iron  pipe,  2,000  feet  long,  with  outlets 
at  intervals,  thus  avoiding  waste  by  seepage.  The  intention  is  to 
put  in  a  pump  which  will  utilize  more  or  all  of  the  power  as  soon  as 
the  agricultural  situation  warrants  it.  Another  pumping  plant  owned 
by  J.  S.  Taylor,  a  successful  grape  grower,  is  reported  as  consisting 
of  two  80-horsepower  boilers  and  a  pump  having  a  capacity  of  1,250 
gallons  per  minute.  E.  T.  Lamphere  has  a  lO^hoi-sepower  Weber 
gasoline  engine  with  a  triplex  Van  Wie  pumi>,  raising  300  gallons  of 
water  per  minute.  Attention  is  given  to  this  about  once  in  six  or  eight 
hours,  and  at  one  time  during  the  summer,  under  pressure,  the  pump 
was  operated  continuously  four  days  and  nights,  stopping  only  to  oil 
the  machinery. 

Three  miles  from  Laredo,  Ik  D.  Sterneberg  has  a  windmill  by  which 
he  pumps  from  the  river  when  there  is  sufficient  wind,  irrigating  3 
acres,  except  in  the  months  of  October  and  November.  The  cost  of 
his  outfit  was  $220.  Three  miles  north  of  Laredo,  C.  A.  Charleston 
has  had  better  success  with  windmill  irrigation  than  anyone  else  in 
that  section.  He  uses  a  12-foot  wheel  and  pumps  from  a  30-foot  well 
into  a  reservoir  of  5,000  gallons  capacity,  irrigating  about  5  acres. 
The  total  cost  of  the  plant  was  1^425.  He  finds  his  present  reservoir 
top  small  and  is  building  one  of  300,000  gallons,  or  0.92  acre-foot, 
capacity. 

At  Hidalgo,  down  toward  the  mouth  of  the  Rio  Grande,  is  a  steam- 
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pumping  plant  owned  by  Closner  &  Lipscomb.  It  consists  of  a  25- 
horsei)ower  engine  operating  a  centrifugal  pump  with  a  capacity  of 
4,750  gallons  per  minute,  or  10.58  second-feet.  The  water  is  pumped 
from  the  Rio  Grande  and  is  used  for  irrigating  100  acres  in  sugar 
cane  and  com. 

In  the  vicinity  of  Brownsville,  near  the  mouth  of  the  Rio  Grande, 
there  has  been  considerable  interest  shown  in  irrigation  by  pumping. 
The  plant  of  Rabb  &  Stark,  located  6  miles  east  of  Brownsville,  on 
the  river,  was  built  in  1891,  and  consists  of  a  50-horsepower  boiler 
and  a  40-horsepower  engine  operating  a  Menge  pump  with  a  theoret- 
ical capacity  of  9,000  gallons  per  minute,  or  20  second-feet.  The 
average  lift  is  18  feet,  and  the  pump  is  run  about  twelve  hours  each 
day  during  the  irrigation  season.  There  is  no  reservoir  used,  the 
water  being  pumped  directly  into  the  ditches.  The  estimated  cost  of 
the  plant  is  $2,000,  and  it  irrigates  200  acres  in  sugar  cane,  cotton, 
and  corn. 

George  Brulay,  of  Brownsville,  also  has  a  pumping  plant  worthy 
of  attention.  It  is  located  8  miles  below  Brownsville,  in  Cameron 
County,  and  was  completed  and  first  used  in  1896.  It  consists  of 
two  boilers  having  an  aggregate  capacity  of  100  horsepower  and  a 
45-hor8epower  Morris  centrifugal  pump  with  a  maximum  pumping 
capacity  of  8,000  gallons  i)er  minute,  or  17.82  second-feet.  The  total 
lift  required  is  22  feet,  and  the  pump  is  run  about  fourteen  hours  per 
day  when  used.  It  is  designed  to  cover  300  acres,  but  so  far  onl}'^  200 
acres  planted  in  sugar  cane  have  been  irrigated. 

E.  II.  Goodrich  reports  having  put  in  a  10-horsepower  Priestman 
engine  on  a  resaca  on  his  place,  6  miles  north  of  Brownsville,  in  March, 
1897,  but  has  used  it  very  little,  owing  to  the  favorable  weather  and 
the  ditches  not  being  finished.  With  two  12-foot  windmills  on  the 
same  place  he  irrigated  last  year  about  35  acres  in  com,  cott^on,  and 
garden  truck.  He  has  also  irrigated  between  15  and  18  acres  on  his 
place  3  miles  north  of  Brownsville  with  a  14- foot  windmill,  pumping 
from  a  well  dug  on  the  bank  of  a  resaca.  The  distance  to  the  water 
varies  from  5  to  12  feet,  and  the  pumps,  which  are  three  in  num- 
ber, empty  into  a  flume  connecting  directly  with  the  ditches.  He 
is  confident  that  he  could  have  accomplished  much  more  with  the 
windmills  if  he  had  used  a  reservoir.  The  total  cost  of  the  last-named 
plant  was  $300. 

LLANO   ESTACADO. 

Tlie  arid  portion  of  Texas,  or  that  part  with  an  average  annual  rain- 
fall of  less  than  20  inches,  consists  principally  of  the  Llano  Estacado 
and  Trans-Pecos  regions.  These  differ  so  widely  in  topography  and 
climate  that  they  should  be  discussed  separatel3\  The  Llano  Esta- 
cado has  been  described  as  a  great  plateau  having  an  area  of  about 
36,000  square  miles  and  with  an  almost  perfectl}'^  flat  surface,  which 
rises  graduallj'^  toward  the  northwest.     No  rivers  cross  its  surface  and 
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at  only  a  few  widely  scattered  localities,  and  for  short  distances,  is 
flowing  water  to  be  found.  The  soil  is  of  such  character  that  it  readily 
drinks  in  the  rain  which  falls  upon  it.  This  water,  or  that  part  of 
it  which  is  not  soon  evaporated,  percolates  downward  and  is  reached 
by  wells  of  from  40  to  200  feet  in  depth.  Many  of  these  wells  are 
OApable  of  furnishing  a  supply  almost  inexhaustible  to  ordinary  means 
of  pumping.  The  soil  is  too  dry  to  be  successfully  cultivated  without 
irrigation,  and  this  can  be  practiced,  if  at  all,  only  by  means  of  water 
raised  by  pumps.  Pumping  is  most  cheaply  accomplished  by  means 
of  windmills,  these  being  particularly  successful  owing  to  the  almost 
constant  winds  that  sweep  across  the  plains. 

Windmills  have  been  used  for  many  years  to  furnish  water  for  stock 
purposes,  and  they  have  been  tried  successfully  on  a  small  scale  for 
irrigation.  The  settlers  of  this  region  have  learned  to  appreciate  the 
value  and  limitations  of  devices  of  this  character  for  raising  water. 
Reservoirs  or  tanks  are  almost  always  used  in  connection  with  the 
mills.  These  are  made  by  scraping  away  the  surface  soil  and  piling 
it  in  a  continuous  wall,  forming  banks  from  4  to  6  feet  high.  The 
sides  and  bottom  are  made  impervious  by  turning  in  a  little  water  at 
a  time  and  puddling  the  soil  by  driving  horses  or  cattle  about  in  it  for 
a  day  or  more.  The  following  instances  illustrate  the  progress  within 
this  area: 

About  the  center  of  the  Llano  Estacado,  in  Hale  Coxinty,  T.  W. 
Morrison  owns  a  plant  eonsisting  of  two  aermotor  wheels,  8  and  12 
feet  in  diameter,  respectively,  pumping  from  wells  50  feet  deep,  with 
water  at  20  feet  below  the  surface.  Each  windmill  lifts  the  water  35 
feet.  One  wheel  is  used  for  supplying  the  residence;  the  other 
pumps  into  a  reservoir  125  feet  long  and  100  feet  wide  and  4  feet 
deep.  This  irrigates  from  5  to  6  acres,  besides  furnishing  water  for 
the  stock.  His  wheels  have  been  in  use  since  1891.  J.  H.  Wayland, 
of  the  same  county,  has  three  aermotors  pumping  from  wells  35  to  60 
feet  deep  into  a  reservoir  300  feet  long,  75  feet  wide,  and  6  feet  deep, 
and  expects  to  irrigate  25  acres,  of  which  16  were  irrigated  in  1896. 
The  total  cost  of  the  wells,  pumps,  wheels,  and  reservoir  was  $505. 
The  total  cost  of  the  plant,  which  must  include  land  and  fencing,  is 
given  as  $1,000.  Southeasterly  from  here,  at  Emma,  in  Crosby 
County,  J.  W.  Murray  has  an  8-foot  windmill  pumping  from  a  well 
174  feet  deep,  with  water  at  124  feet.  He  pumps  into  barrels,  from 
which  he  irrigates  about  1^  acres.     The  total  cost  was  $222. 

Along  the  Texas  and  Pacific  Railroad,  especially  at  Midland  and 
Marienfeld,  there  has  been  considerable  interest  taken  in  this  form 
of  irrigation.  It  is  claimed  by  a  man  of  experience — A.  Rawlins — 
that  two  8-foot  aermotors,  pumping  from  wells  40  feet  deep,  with 
water  sufficient  to  keep  a  4-inch  pump  running  into  a  tank  100  feet 
square,  with  a  6-foot  bank,  will  give  sufl&cient  water  to  irrigate  10 
acres  in  fruits  and  vines  the  first  year,  12  acres  the  second  year,  and 
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15  acres  the  third.  Grain  and  K^i^Qi^  vegetables,  which  require  more 
water,  will  cut  down  the  average.  Fifteen  head  of  horses  will  puddle 
a  tank  satisfactorily.  He  is  irrigating  10  acres  in  cotton  with  two 
12-foot  aermotors,  pumping  from  wells  125  feet  deep  into  a  tank  65 
feet  square. 

This  region  is  so  sparsely  settled  and  accessible  with  such  diflficulty 
that  it  has  not  been  practicable  to  obtain  full  information  concerning 
the  small  irrigating  plants  scattered  here  and  there.  Sufficient  has 
been  learned,  however,  to  justify  the  belief  that  this  method  of  agri- 
culture is  becoming  a  more  and  more  important  factor  in  the  devel- 
opment of  this  area,  reducing  the  cost  of  supplies,  and  thus  aiding  in 
the  main  industry,  that  of  cattle  raising. 

Willard  D.  Johnson,  hydrographer  of  the  United  States  Geological 
Survey,  states  that  at  not  more  than  half  a  dozen  places  in  the  Pan- 
handle, probably,  is  there  irrigation,  from  a  single  plant,  of  more  than 
a  small  garden  patch,  and  that  of  these  but  two  show  any  develop- 
ment worth  mentioning.  These  two  are  headquarter  ranches  of  large 
cattle  companies.  At  the  majority  of  such  cattle-ranch  headquarters, 
however,  there  is  absolute  barrenness.  The  exceptions  are  the 
**L.  E."  ranch,  on  Romero  Creek,  a  small  spring-fed  tributary  of  the 
Canadian  from  the  north,  and  a  ranch  on  Adobe  Wall  Creek,  another 
spring-fed  tributary  of  the  Canadian  from  the  north.  As  a  result  of 
irrigation,  practically  from  springs,  these  two  large  ranches  are  able 
to  supply  themselves  with  a  variety  of  vegetables  and  fruits,  and  in 
addition  grow  several  hundred  acres  of  alfalfa  and  other  forage  crops. 

At  the  **L.  E."  ranch  the  garden  produces  much  more  abundantly 
than  is  demanded  for  the  needs  of  the  ranch,  and  much  of  this  extra 
produce  is  given  away  to  neighbors.  The  fruit  trees  which  bear  suc- 
cessfully are  the  apple,  pear,  peach,  apricot,  nectarine,  plum,  and 
cherry.  Of  shade  trees  about  the  house  there  are  locust,  ash,  willow, 
osage  orange,  and  cottonweod.  There  is  also  a  vineyard  yielding 
several  varieties  of  excellent  grapes.  This  ranch  was  visited  by  Mr. 
Johnson.  The  other  ranch,  not  visited,  is  reported  to  have  more 
alfalfa  and  about  an  equal  display  of  garden  produce.  Each  of  these 
ranches  is  located  below  the  edge  of  the  plains,  in  the  little  valley  of 
a  spring  creek  of  which  it  uses  all  the  water.  More  can  be  done  in 
each  case  by  storage,  which,  in  fact,  is  contemplated  in  the  case  of 
the  "L.  E."  ranch.  The  great  **X.  I.  T."  company  does  a  little  in 
irrigation  at  several  of  its  headquarter  ranches,  but  much  less  than 
might  easily  be  accomplished. 

The  two  garden  spots  referred  to  are  notable  object  lessons  to  the 
whole  of  the  Panhandle.  Spring  creeks  in  the  region  are  not  numer- 
ous, but  only  in  these  two  cases  have  they  been  fully  utilized,  and  the 
examples  thus  set  are  destined  to  be  rapidly  imitated. 

Of  the  future  of  irrigation  here  in  general,  it  may  be  said  that  there 
is  opiwrtunity  for  but  the  little  indicated,  at  these  widely  scattered 
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spots,  but  that  this  little  will  prove  to  be  just  that  small  amount 
needed  for  rendering  practicable  the  utilization  of  the  high  plains 
for  stock  raising,  under  conditions  that  vrill  be  bearable  for  those  who 
have  to  live  ui)on  these  great  pasture  lands  for  the  conduct  of  the 
stock  industry. 

PBCOS  VALLEY. 

Pecos  River  rises  in  the  northeastern  portion  of  New  Mexico  and 
flows  in  a  general  southerly  course  through  the  southeastern  part  of 
that  Territory,  crossing  the  western  prolongation  of  Texas  and  finally 
entering  the  Rio  Grande  at  about  the  lower  third  of  the  length  of  that 
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stream.  It  is  supplied  to  a  considerable  extent  by  water  from  large 
springs  which  issue  from  the  limestone  rocks  of  the  region,  of  which 
Roswell  is  now  the  principal  town.  These  maintain  the  perennial 
flow  of  the  river,  the  run-off  from  the  catchment  basin  being  irregular 
in  character  and  shrinking  at  times  to  relatively  small  amounts.  Large 
irrigation  works  have  been  constructed  in  the  vicinity  of  Roswell  and 
at  points  below,  utilizing  the  greater  part  of  the  summer  flow  of  the 
river,  so  that  during  the  dry  season  of  the  year  little  water  crosses 
the  Texas  line.  That  which  does  flow  in  the  stream  is  largely  derived 
from  the  seepage  of  irrigated  lands  above  and  is  heavily  charged  with 
alkaline  salts.     Irrigation  canals  have,  however,  been  constructed 
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alon^  the  valley  in  Texas,  principally  near  the  town  of  Pecos,  at  the 
crossing  of  the  Texas  and  Pacific  Railroad.  The  valley  is  fertile,  and 
where  properly  irrigated  large  crops  are  produced. 

The  most  important  irrigation  system  along  the  river  in  Texas  is 
the  one  nearest  the  New  Mexico  line,  known  as  the  Margueretta  Canal. 
This  was  begun  in  1887  by  the  Pioneer  Canal  Company,  afterwards 
consolidated  vrith  the  Margueretta  Canal  Company,  which  now  owns 
the  whole  system.  Water  is  diverted  by  means  of  a  brush  dam,  it 
being  deemed  impracticable  to  build  a  masonry  structure  in  tlie 
sandy  river  bid.  The  dam  is  90  feet  long  and  5  feet  high.  The  canal 
is  built,  as  shown  in  fig.  12,  on  the  western  side  of  the  river  for  3  miles, 
then  crosses Ihe  stream  on  a  flume  (shown  in  PI.  VIII),  and  runs  in  a 
general  easterly  direction  for  12  miles.  There  is  also  a  branch  con- 
tinuing down  the  west  bank  for  a  considerable  distance,  being  the 
main  part  of  the  old  Pioneer  Canal;  but  this  has  been  abandoned, 
there  being  no  farms  in  cultivation  for  more  than  a  mile  or  so  below 
the  flume.  The  dimensions  of  the  main  ditch  are:  top  width,  30  feet; 
bottom  width,  18  feet;  depth  of  water,  4^  feet.  There  are  three 
principal  laterals,  with  a  bottom  width  of  12,  6,  and  8  feet,  respectively. 

The  canal  was  first  used  in  1889,  and  the  extent  of  land  irrigated 
by  it  is  steadily  increasing.  The  total  cost  of  the  system  was  over 
♦150,000,  and  the  acreage  it  is  designed  to  cover  is  about  40,000,  only 
6,000  of  which  are  as  yet  under  cultivation.  The  water  rights  are 
sold  at  tlO  per  acre,  a  permanent  right  guaranteeing  25  inches  of 
water  to  the  acre.  The  annual  rental  is  $1  and  $1.50  for  each  acre 
served  with  water.  The  principal  crop  is  cotton,  of  which  there  are 
about  3,500  acres.  The  other  crops  cultivated  are  alfalfa,  sugar  beets, 
and  all  kinds  of  forage  plants,  fruits,  and  vegetables. 

Sugar  beets  tested  in  1896  showed  between  14  and  20  per  cent  of 
saccharine  matter.  Peaches,  apples,  and  grapes  do  well.  Cotton 
averages  500  pounds  of  lint  to  the  acre.  The  annual  rainfall  is  about 
12  inches.  Owing  to  the  high  elevation  (2,700  feet)  the  seasons  are 
much  later  than  in  most  of  the  irrigated  parts  of  the  State.  The 
enterprise  seems  to  have  been  conducted  with  energy  and  care,  the 
canals  and  head  gates  are  well  planned  and  well  built,  and  all  together 
the  scene  about  Barstow,  the  center  of  the  irrigated  portion,  has  a 
general  air  of  healthy  growth  and  prosperity  that  is  very  pleasing  to 
the  eye  after  the  many  miles  of  desert  scenery  between  it  and  El  Paso. 
There  are,  however,  a  number  of  problems  that  must  be  solved  before 
agriculture  will  be  successful  in  all  places.  Much  of  the  land  is 
impregnated  with  what  is  known  as  alkali.  At  first  this  does  not  prove 
troublesome,  but  after  a  few  years  of  cultivation  it  may  be  brought 
to  the  surface  by  injudicious  treatment.  The  river  water  used  in 
irrigation  continually  adds  to  the  supply  of  this  mineral  matter.  The 
only  remedy  so  far  applied  is  drainage,  this  being  as  important  in 
its  way  as  irrigation.     The  land  is  very  nearly  level,  and  considerable 
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care  will  be  required  to  provide  means  by  which  the  accumulated 
alkali  can  be  washed  from  the  soil.  One  of  the  principal  crops  is 
alfalfa,  which  sells  at  $8  per  ton  on  the  cars  at  Pecos  and  at  $10  per 
ton  retail. 

Flowing  wells  have  been  obtained  in  this  valley  near  the  town  of 
Pecos.  Most  of  this  wat^r  contains  mineral  matter  in  solution,  sul- 
phur being  especially  noticeable.  The  water  from  the  wells  is  used 
for  domestic  purposes  and  also  for  irrigating  kitchen  gardens  and 
fruit  and  shade  trees. 

About  28  miles  below  Pecos  is  the  canal  of  the  Pecos  River  Irriga- 
tion Company,  on  the  west  side  of  the  river,  running  in  a  general 
southeasterly  direction  for  12  miles.  It  is  the  oldest  ditch  on  the 
river  in  Texas,  having  been  built  in  1875  and  1876.  It  was  enlarged 
in  1889  and  used  again  in  1890,  but  has  never  been  entirely  completed 
in  its  enlarged  condition.  It  takes  its  water  by  means  of  a  brush-and- 
stone  dam  about  60  feet  long  and  5  to  6  feet  high.  The  total  cost  of 
the  undertaking  is  given  as  about  $35,000,  and  the  cost  of  the  water 
rights  as  from  $2.50  to  $5  per  acre,  with  an  annual  assessment  of  50 
cents  per  acre.  It  is  designed  to  irrigate  20,000  acres,  but  only  600 
were  irrigated  in  1896.  There  is  complaint  that  the  water  supply  was 
very  short  for  several  years,  especially  in  1892,  1893,  and  1894,  just 
after  the  dam  at  Eddy,  New  Mexico,  was  completed.  The  flow  has 
increased  since  then,  but  the  river  becomes  quite  low  and  the  water 
bitter  in  March  and  April  of  each  year.  On  this  account  it  is  for- 
tunate that  the  season  is  so  late  here  that  cotton  is  not  planted  before 
April  15,  com  about  May  15,  and  alfalfa  in  June.  The  soils  and  crops 
raised  on  them  are  similar  to  those  at  Pecos  and  Barstow. 

The  Grand  Falls  Irrigation  and  Improvement  Company  takes  out  a 
canal  4  miles  below  the  headgates  of  the  one  just  discussed,  but  on  the 
opposite  side  of  the  river.  It  was  begun  in  1896  and  is  finished  for 
16  miles;  it  is  supplied  by  a  brush-and -stone  dam  across  the  river,  100 
feet  long  and  7  feet  high.  The  water  rights  are  valued  at  $15  per  acre 
and  the  annual  assessment  is  $1.25  per  acre. 

On  Comanche  Creek,  near  Fort  Stockton,  in  Pecos  County,  are  two 
farms  irrigated  from  ditches.  That  of  the  Southwestern  Irrigation 
Company  is  nearest  the  head  of  the  creek;  it  is  on  the  east  side,  6 
miles  in  length,  with  top  width  of  7  feet,  bottom  width  6  feet,  and 
depth  of  water  2^  feet.  It  is  filled  by  means  of  a  loose-rock  dam  20 
feet  long  and  6  feet  high.  More  than  1,000  acres  have  been  culti- 
vated, though  only  400  were  tilled  in  1896.  The  principal  crops  were 
alfalfa  and  corn.  The  200  acres  in  alfalfa  gave  an  average  of  5  tons 
to  the  acre,  the  alfalfa  being  cut  five  times.  Com  yielded  25  bushels 
to  the  acre.  The  lands  are  cultivated  entirely  by  the  company  own- 
ing the  canal.  The  only  other  ditch  of  importance  is  that  of  the 
Rooney  Irrigation  Company.  It  runs  on  the  west  side  of  the  creek 
for  a  distance  of  7  miles,  its  dimensions  being  12  feet  wide  on  top,  8 


inrreoK.i  CANALS   AT  EL   PASO.  65 

feet  wide  on  bottom,  and  having  water  3  feet  in  depth.  It  was  built 
in  1875  and  eommands  1,200  acres,  of  which  1,000  were  irrigated  in 
1896.  The  principal  crops  were  com,  wheat,  oats,  cotton,  and  alfalfa. 
At  the  lower  end  of  its  course  Pecos  River  flows  through  a  narrow 
canyon,  illustrated  on  PI.  IX,  taken  from  Part  II  of  the  Eighteenth 
Annual  Report*  of  this  Survey.  This  shows  the  new  bridge  of  the 
Southern  Pacific  Railroad  crossing  10  miles  above  the  Rio  Grande. 

TRAN8-PEC08  TEXAS. 

That  portion  of  the  State  west  of  Pecos  River  is  commonly  known 
as  Trans-Pecos  Texas.  It  is  a  peculiar  country,  rough  and  mountain- 
ous, with  no  perennial  streams.  The  storm  waters  rush  out  upon  the 
lowlands  and  are  rapidly  absorbed  in  the  sandy  plains,  from  which 
the  mountains  rise  abruptly  as  isolated  peaks  or  ranges.  The  soil  of 
these  plains  is  of  remarkable  fertility  and  when  watered  produces 
abundantly.  Irrigation,  however,  is  practicable  only  by  means  of 
storage  reservoirs  holding  the  storm  waters.  Such  reservoir  sites 
occur  in  many  places,  and  several  of  them  have  been  mapped  by  the 
topographers  of  the  Geological  Survey. 

Trans-Pecos  Texas  is  bounded  on  the  west  and  south  by  the  Rio 
Grande,  from  which  water  is  taken  for  irrigation  mainly  in  the  vicin- 
ity of  El  Paso.  There  are,  however,  a  few  tracks  watered  by  small 
lost  streams,  there  being  in  particular  about  75  acres  irrigated  from 
Lympia  Creek. 

At  El  Paso  the  principal  canal  is  that  owned  by  the  El  Paso  Irriga- 
tion 0>mpany.  It  was  begun  in  1889  and  completed  in  1891.  Later 
the  affairs  of  the  company  were  put  into  the  hands  of  a  receiver,  and 
the  property  was  bought  at  receiver's  sale  by  Thomas  Worthington, 
of  Manchester,  England,  the  trustee  for  the  bondholders.  It  begins 
1  mile  northwest  of  the  town  of  El  Paso  and  runs  in  a  generally  south- 
eastern direction  for  30  miles.  At  the  beginning  its  width  is  30  feet, 
but  it  gradually  diminishes  to  15  feet  at  Fabens,  where  it  returns  to 
the  Rio  Grande.  Water  is  diverted  by  a  masonry  wing  dam,  extend- 
ing diagonally  up  the  river  for  about  300  feet  and  about  half  way 
across,  as  shown  in  PI.  X.  The  original  cost  was  approximately 
$150,000,  and  some  $70,000  has  since  been  expended  for  protection 
from  overflows  and  for  repairs.  The  water  rights  under  the  new 
management  have  not  yet  been  issued.  The  yearly  water  rental  is 
$2  per  acre.  The  canal  was  designed  to  cover  30,000  acres;  3,000 
were  irrigated  from  it  during  1896. 

There  are  three  old  Mexican  ditches  taken  from  the  Rio  Grande 
below  El  Paso  on  the  American  side,  at  Ysleta,  Socorro,  and  San  Eliza- 
rio,  irrigating  from  1,000  to  1,200  acres  each.  The  total  area  watered  in 
the  county  is  estimated  at  8,000  acres.     Irrigation  has  been  practiced 

>  G^eology  of  the  Edwards  Plateau  and  Bio  Qrande  Plain,  adjacent  to  Austin  and  San  Antonio, 
Texas,  etc,  by  BolMrt  T.  HHI  and T.  Wayland  Vanghan,  PI.  XXV,  p.  206. 
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here  probably  longer  than  in  any  other  paii)  of  the  United  States. 
The  old  Spanish  records  say  that  when  this  pass  of  the  river  was  first 
reached  by  the  exploring  party  of  Coronado,  villages  of  Indians  were 
found  on  the  Mexican  side  on  the  site  of  the  present  town  of  Juarez 
and  on  the  American  side  at  Ysleta  and  below.  These  Indians  had  a 
system  of  irrigation  of  .seemingly  great  antiquity,  which  has  been  con- 
tinued and  carried  on  by  the  descendants  of  the  aborigines  and  those 
of  their  conquerors  continuously  for  three  hundred  and  fifty  years. 

During  the  spring  of  1897  the  large  canal  was  damaged  by  the  flood 
that  submerged  so  much  of  the  town  of  El  Paso.  This  flood  reached 
its  height  on  May  26  and  quickly  subsided.  The  banks  were  badly 
cut  and  the  canal  was  completely  obliterated  in  some  places.  The 
truck  gardens  and  orchards  near  the  city  were  flooded  and  damaged, 
a  layer  of  mud  about  3  inches  thick  being  deposited  over  the  surface. 
It  was  noticeable  that  while  most  trees  withstood  the  flooding  com- 
paratively well,  the  peach  trees  were  almost  uniformly  killed.  Fortu- 
nately for  the  farmers  lower  down,  a  portion  of  the  river  cut  for  itself 
a  fresh  channel,  curving  inward,  crossing  the  canal,  and  then  recross- 
ing  it  at  the  last  point  at  which  the  banks  were  damaged.  In  this  way 
they  have  been  supplied  with  water  and  are  able  to  save  their  crops, 
which  otherwise  would  have  been  ruined. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  iNTEMoit, 
United  States  Geological  Subvey, 

Division  of  Hydrography, 
Washington,  January  24,  1898, 

Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  New 
Tests  of  Certain  Pumps  and  Water  Lifts  Used  in  Irrigation,  by  Ozni 
P.  Hood,  professor  of  mechanics  and  engineering  at  the  State  Agri- 
cultural College,  Manhattan,  Kansas,  and  to  recommend  that  it  be 
published  in  the  series  of  Water-Supply  and  Irrigation  Papers.  The 
facts  herein  briefly  set  forth  represent  a  large  body  of  original  experi- 
mental work  by  Professor  Hood  and  assistants,  begun  in  the  summer 
of  1896  and  but  recently  brought  to  a  finish. 

While  the  water  lifts  have  had  their  origin  in  the  needs  of  irri- 
gation, devices  for  pumping  have  not;  with  them,  indeed,  there  is 
no  special  adaptation  to  irrigation  use.  Economy  of  power  must  be 
the  essence  of  such  adaptation;  time  is  not,  for  ample  time  can  be 
taken  to  secure  the  full  supply.  But  with  existing  designs,  as,  for 
example,  the  deep-mine  varieties,  the  aim  usually  has  been  rather  to 
attain  rapidity  of  delivery,  even  at  the  cost  of  wasteful  expenditure 
of  power.  Among  appliances  for  irrigation,  pumps,  of  whatever  kind, 
are  but  in  a  trial  stage.  Their  wide  use  and  the  extension  of  irriga- 
tion possibilities  that  would  result  can  come  only  through  adaptations 
in  design  especially  economical  of  power.  It  should  not  be  left  to 
come  by  gradual  evolution  through  chance  suggestions  of  practice, 
but  should  be  deliberately  brought  about  by  engineers.  Professor 
Hood's  experimental  determinations  of  efficiencies  and  of  the  little 
sources  of  frictional  loss  have  contributed  data  which  will  be  useful 
for  this  purpose. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  St<xtes  Oeological  Surrey. 
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NEW  TESTS  OF  CERTAIN  PUMPS  AND  WATER  LIFTS 

USED  IN  IRRIGATION. 


By  O.  P.  liooD. 


INTRODUCTION. 

The  necessity  of  raising  water  for  irrigation  and  other  purposes  has 
been  met  by  a  great  variety  of  water-lifting  devices.  By  far  the  most 
familiar  of  these  is  the  reciprocating  pump,  ranging  in  capacity  from 
the  simple  mechanism  for  cisterns  to  the  large  engines  used  for  public 
water  supply.  In  order  that  one  may  know  what  it  is  reasonable  to 
expect  from  the  many  forms  of  pumps,  and  be  able  to  make  an  intelli- 
gent selection,  it  is  necessary  first  to  become  acquainted  with  some  of 
the  problems  connected  with  their  design  and  operation.  In  this 
paper  it  is  the  author's  purpose  to  state  certain  of  these  problems,  to 
give  the  results  of  new  tests  of  irrigation  pumps  and  machinery,  and 
to  offer  notes  on  several  other  water  lifts  in  less  common  use. 

DEFINITIONS. 

Of  reciprocating  pumps  there  are  many  forms,  and  among^them  there 
are  essential  differences.  The  names  commonly  used  to  designate 
these  diverse  forms  are  not  in  every  case  self-explanatory;  in  some 
cases  they  may  be  even  misleading.  Among  these  common  desig- 
nations are  bucket  pump,  lift  pump,  suction  pump,  combined  suction 
and  lift  pUmp,  piston  pump,  plunger  pump,  and  force  pump.  Com- 
mon to  all  these  forms  is  a  backward  and  forward  moving  piston 
or  plunger.  When  all  the  effective  work  is  done  while  the  piston  is 
moving  either  in  one  direction  or  the  other  the  pump  is  single-acting. 
When  the  effective  work  is  distributed  between  the  two  motions  the 
pump  is  double-acting.  It  is  to  this  alternating  movement  that  the 
term  "reciprocating"  applies.  Generally  speaking,  in  all  reciprocat- 
ing pumi)s  there  are  three  essential  parts — the  suction  pipe  below,  the 
discharge  pipe  above,  and,  intermediate  in  position  between  these  two, 

the  pump  cylinder,  in  which  a  piston  reciprocates. 
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TESTS  OP   PUMPS  AND   WATER  UFTS. 


— Tertloil  Hections  of  bncket  pmnp.    A,  onlliuuT  form:  B,  with  atniBng  box. 


Fro.  S.— Yertical  aections  at  platon  and  plunger  pmnpn.    A,  plBtoa  pnmp:  B.  planter  pomp. 
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A  bncket  pomp  U  one  iu  which  the  reciprocating  piston  has  a  valve- 
oovered  opening  through  it.  Such  a  pump  is  shown  diagrammaticaUy 
in  fig.  1,  A.  Between  the  incoining  water  and  the  piston  is  another 
valve-covered  opening. 

If  the  pump  parts  are  so  placed  that  the  suction  valve  comes  below 
the  normal  water  level,  it  is  called  a  lift  pump.  If,  on  the  other  hand, 
the  suction  lift  is  relatively  great  and  the  delivery  pipe  short,  it  is 
called  a  suction  pamp.  Most  pumps,  however,  by  reason  of  the  more 
even  proportioning  of  these  parts,  are  called  combined  suction  and 


Fmj.  a-Vertiod  m 

lift  pomps.  Fig.  1,  B,  shows  a  pamp  in  which  the  pamp  rod  is  car- 
ried through  a  stuffing  box,  whereby  it  is  rendered  unnecessary  for 
the  dfclivery  pipe  to  follow  the  pump  rod.  A  piston  pump  is  one  in 
which  the  piston  carries  no  valve,  the  discharge  valve  being  other- 
wise placed,  as  in  fig.  2,  A.  Fig.  2,  B,  shows  a  plunger  pump,  a 
solid  plunger,  packed  on  the  outside,  replacing  the  piston,  which  is 
packed  on  the  inside.  Fig.  3,  A,  indicates  one  of  several  methods  of 
obtaining  large  valve  openings.  Fig.  3,  B,  shows  a  double-acting 
pump,  serving  as  a  suction  and  force  pump  and  acting  in  either  direc- 
tion of  movement  of  the  piston.  For  irrigation  the  type  most  in  favor 
ia  thAt  shown  inSgl,  A,  operated  as  a  simple  lift  pump. 
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14  TESTS  OP   PUMPS  AND  WATER  LIFTS.  1»0lU. 

SUCTION. 

Whenever,  within  a  closed  vessel,  the  normal  air  pressare  is  by  any 
means  diminished,  there  resnlte  what  ie  commonly  called  saotion. 
Suction  is  here  bat  a  manifestatioo  of 
superior  pressure  on  the  part  of  the 
external  air.  This  atmoepherh;  pres- 
sure, though  varying  continoally,  is, 
at  aea  level,  about  14.7  pounds  per 
square  inch.  A  eolumn  of  water  about 
34  feet  in  height  exerta  an  equal  pres- 
sure. Heace,toraisethepistoQ,Bhown 
in  flg.  4,  it  is  necessary  not  only  to  lift 
the  column  of  water,  L,  already  above 
the  piston,  bat  to  overcome  as  well  the 
atmospheric  pressure,  equiv^enttoan 
additional  column  of  water,  B,  34  feet 
in  height;  or  to  overcome,  in  total,  a 
pressure  equivalent  to  the  weight  of  a 
column  of  water,  L-l-B. 

But  with  the  raising  of  the  piston 
conditions  for  suction,  so  called,  are 
thereby  at  the  same  time  established, 
i.  e,,  the  water  surface  in  the  pump 
tube  below  the  piston  is  relieved  of 
pressure,  whereas  outside  the  tub© 
the  atmospheric  pressure  continQes, 
undisturbed,  npon  the  surrounding 
water  surface.  It  results  that,  by 
reason  of  this  pressure  without,  water 
is  forced  upward  in  the  pump  tube; 
and  it  continues  to  follow  the  piston  to 
a  balancing  height,  which  at  sea  level, 
as  stated,  is  34  feet.  If  the  lift  of  the 
piston  is  short  of  this  height  the  ris- 
ing water  will  bear  upward  against  the 
under  side  of  the  piston  with  a  pres- 
sure equivalent  to  the  weight  of  so 
much  of  the  column  as  remains,  or 
B — S;  less,  however,  snch  force  aa 
may  be  used  up  in  overcoming  the 
various  resistances  during  motion. 
As  the  piston  lift  does  in  fact  always 
stop  short  of  this  maximum,  the  rem- 
,     rt  nant  of  pressure,  B — S,  serves  as    a 

head  of  water  for  efifecting  flow  into  the  suction  pipe  and  for  filling 
the  cylinder.     Though  the  theoretical  limit  to  the  height  of  suction  is 
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aboat  34  feet,  a  practical  limit  is  reached  at  from  25  to  30  feet,  depend- 
ing on  the  perfection  of  packing,  the  tightness  of  joints,  and  the 
piston  speed.  If,  however,  the  piston  speed  be  too  great,  the  head 
of  water  (B — S)  may  not  be  able  to  produce  a  flow  sufficiently  rapid 
to  follow  it,  and  in  consequence  there  will  be  incomplete  filling  of 
the  cylinder  during  the  period  of  the  upstroke. 

The  water  will  encounter  resistances  to  flow  in  the  suction  pipe,  such 
as  those  involved  in  friction  against  its  sides,  in  lifting  the  suction 
valve,  and  in  passing  through  the  reduced  valve  opening,  all  of  which 
resistances  will  tend  to  diminish  its  velocity  of  entry  into  the  cylin- 
der. The  less  the  height  of  the  suction  lift  the  greater  will  be  the 
head  left  for  overcoming  these  resistances,  thereby  admitting  of  a 
more  rapid  rate  of  filling  and  a  higher  piston  speed.  Again,  by 
enlarging  the  suction  pipe  and  thereby  reducing  the  sum  of  the  f  ric- 
tlonal  resistances  the  flow  will  be  increased.  It  follows  that  in  prac- 
tice many  pumps  have  suction  pipes  of  larger  diameter  than  their 
discharge  pipes. 

The  height  of  suction  lift  limits  the  possible  piston  speed.  To  show 
this,  a  4-inch  by  14-inch  pump  was  arranged  to  discharge  water  at  a 
total  height  of  38  feet,  the  cylinder  being  placed  successively  at  vari- 
ous heights  in  the  pipe,  from  the  natural  water  level  up  to  the  limit 
of  suction.  The  suction  and  delivery  pipes  were  each  2  inches  in 
diameter.  The  various  speed  limits  reached  under  these  varied  con- 
ditions are  shown  in  fig.  22  (p.  35),  in  the  progressive  diminution  of 
discharge  due  to  incomplete  filling  of  the  cylinder.  The  upstroke  of 
the  piston  may  be  more  rapid  than  the  suction  uprise  of  the  water  fol- 
lowing it,  in  which  case  there  will  be  separation  of  the  piston  from 
the  following  water.  This  separation  may  under  certain  conditions 
lead  to  a  shock.  The  separation  will  begin,  if  at  all,  with  the  begin- 
ning of  the  upstroke;  but  the  acceleration  of  the  upstroke  has  a  dimin- 
ishing rate,  while  the  speed  of  the  following  water  may  have  an 
increasing  rate.  If  the  water  overtake  the  piston  about  midway  of 
its  rise,  the  meeting  will  be  without  perceptible  shock;  if  near  the 
end  of  its  stroke,  the  shock  may  be  considerable.  If,  on  the  other 
hand,  the  piston  has  time  to  complete  the  upstroke  and  accomplish  a 
part  of  its  return,  the  shock  may  be  severe. 

It  is  these  recurring  shocks  which  produce  what  is  called  pounding. 
This  action  is  shown  in  the  accompanying  diagrams,  figs.  5  to  8, 
which  exhibit  the  pull  on  the  pump  rod  at  various  stages  of  its  stroke. 
In  fig.  5,  J.,  the  line  ic,  from  A  to  B,  represents  the  length  of  the 
stroke,  the  direction  AB  the  upstroke,  the  direction  BA  the  down- 
stroke.  Vertical  distances  above  the  line  x  represent  the  pull  in  the 
pump  rod.  Thus,  when  the  piston  has  reached  the  point  C  on  the 
upstroke,  the  pull  in  the  rod  is  represented  by  the  line  CD,  and  when 
it  has  reached  the  point  E  the  stress  is  EF.  On  the  return  stroke  the 
stress  at  E  is  EG,  and  at  G  it  is  CH.    The  figures  here  referred  to  are 
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from  card  diagrams,  automatically  drawn  by  a  specially  devised  dyna- 
mometer, which  was  introduced  into  the  pump  rod  of  pumps  in  oper- 
tion,  so  that  they  record  actual  practice.  The  diagram  shown  in  fig. 
5,  A^  gives  the  results  of  the  test  of  a  4-inch  pump  having  a  total  lift 
of  38  feet,  a  7-inch  suction  lift,  2-inch  suction  and  delivery  pipes,  and 
a  speed  of  thirty  14-inch  strokes  per  minute,  or  an  average  piston  speed 
of  70  feet  per  minute.  The  height  of  the  line  ah  shows  the  pull  neces- 
sary merely  to  support  the  column  of  water. 

At  the  starting  point.  A,  of  the  upstroke,  the  delivery  valve  closed, 
and  the  sudden  pull  on  the  rod  which  resulted  is  shown  by  the  long 
vertical  line.  The  depression  immediately  following  is  due  to  the 
spring  of  the  pump  rod  and  connections  upon  receiving  the  first 
large  stress.  The  upward  movement  of  the  water  column  having 
become  accelerated,  a  continually  lessening  pull  is  required  to  pro- 
duce its  discharge,  as  shown  by  the  rapidly  falling  upper  line. 
The  suction  valve  closes  at  B,  and  the  weight  of  piston  and 
rod  still  produces  a  small  tension  in  the  rod.  With 
excessive  friction,  or  at  high  speed,  this  re- 
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Fig.  6.— Dynamometer  diagrams  of  pump-rod  stresses.    A^  general;  B^  with  suction  lift  of  30^ 

feet,  30  strokes  per  minute. 

turn-stroke  line  frequently  falls  in  part  below  the  zero  line,  showing 
compression  in  the  pump  rod. 

In  fig.  5,  5,  the  pump  was  given  a  suction  lift  of  30.8  feet,  with  the 
same  total  lift  and  speed,  however,  as  in  fig.  5,  A,  The  pull  on  the 
pump  rod  is  seen  to  be  very  differently  varied.  On  the  upstroke  this 
pull  is  much  less,  having  only  a  small  body  of  water  to  accelerate  in 
addition  to  the  weight  of  the  atmosphere  which  it  has  to  lift.  The 
load  remains  nearly  constant  throughout  the  upstroke,  the  piston  not 
being  aided  in  its  upward  movement,  toward  the  end,  by  the  momen- 
tum of  a  rising  column  of  water,  as  in  fig.  5,  A,  On  the  return  stroke 
the  downward  thrust  is  aided  by  the  weight  of  the  water  in  the  deliv- 
ery pipe  as  well  as  by  the  atmospheric  pressure,  and  is  resisted  only 
by  friction  in  the  cylinder  until  the  piston  reaches  the  point  z^  where 
it  encounters  the  slowly  rising  column  of  water.  The  blow  of  the 
piston  against  the  rising  water  momentarily  relieves  the  rod  of  ten- 
sion, as  shown  by  the  drop  in  the  vertical  line  in  the  diagram  at  x. 
This  opposing  pressure  is  at  once  dimished,  however,  by  the  opening 
of  the  piston  valve.  At  y  the  suction  valve  closes  and  remains  closed 
until  opened  at  w  on  the  upstroke. 

If  the  piston  speed  had  been  slower  the  cylinder  would  have  more 
nearly  filled,  as  shown  by  the  card  (fig.  6,  A)  taken  at  10  strokes 
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per  minute,  under  which  conditions  the  cylinder  had  become  more 
than  half  filled  before  the  shock  of  meeting.  In  fig.  6,  JS,  the  suction 
lift  was  24.7  feet,  and  at  a  speed  of  30  strokes  per  minute  the  cylin- 
der had  filled  to  the  point  x.  In  fig.  6,  (7,  at  a  speed  of  20  strokes, 
the  rising  water  overtook  the  more  slowly  rising  piston  during  the 
upstroke  at  the  point  z.  In  fig.  6,  D,  the  speed  was  but  15  strokes 
per  minute.  In  this  case  the  following  water  overtook  the  piston 
near  the  middle  of  its  upstroke,  when  the  difference  of  speeds  was 
not  great,  and  the  diagram  in  consequence  shows  at  a  but  slightly 
reduced  tension. 

It  is  characteristic  of  this  condition  of  high  suction  lift  that  with 
the  same  speed  the  upstroke  of  the  pump  starts  more  easily  than 
when  the  cylinder  is  full,  and  that  pounding  may  occur  at  any  point 
in  the  last  three-fourths  of  the  stroke — the  nearer  its  end  the  more 
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Fio.  «.— Dynamometer  diagrams  of  pump-rod  stresses.  A,  sactlon  lift  of  80.8  feet,  10  strokes 
per  minate;  B,  suction  lift  of  24.07  feet,  30  strokes  per  minute;  C,  suction  lift  of  24.07  feet,  20 
Btrokesjjwr  minute;  A  suction  lift  of  2i07  feet,  15  strokes  per  minute. 

severe.  A  sudden  change  or  reversal  of  stress  in  the  rod  produces 
disastrous  pounding  and  limits  the  speed  of  the  pump.  It  should  not 
be  forgotten  in  this  connection  that  it  is  weakening  of  suction  head, 
as  it  might  be  called,  that  is  the  real  cause  of  pounding,  and  that  the 
diflBculty  may  arise  from  undue  frictional  resistance  to  flow  as  well 
as  from  excessive  suction  lift. 

It  has  been  a  common  practice,  in  order  to  prevent  an  intake  of 
sand  where  the  suction  pipe  is  itself  the  well  and  not  merely  a  pii)e 
suspended  in  an  open  well,  to  have  the  whole  intake  at  the  foot  of  the 
suction  pipe  through  a  screen.  To  the  use  of  the  screen  there  are 
objections  of  a  serious  nature,  and  the  difficulty  which  is  met  by  its 
use  is  best  avoided  entirely  by  resorting  to  the  open  well.  However, 
if  tbe  screen  is  to  be  used  at  all,  the  total  area  of  its  perforations 
should  be  at  least  double  the  cross-section  area  of  the  suction  pipe. 
Even  then  the  screen  openings  will  in  time  become  clogged  to  such 
extent  as  greatly  to  increase  the  resistance.  Not  infrequently  in  a 
IBR  14 2 
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pump  with  a  screen  intake  failure  to  fill  is  wholly  due  to  a  clogged 
condition  of  the  screen. 

The  introduction  of  elbows  in  the  suction  pipe  is  to  be  avoided 
wherever  possible.  The  resistance  to  flow  which  they  offer  is  consid- 
erable. Again,  pipes  of  the  smaller  sizes  are  commonly  cut  with  the 
rolling  cutter,  which  raises  a  burr  on  the  inside  edge,  thereby  seriously 
reducing  the  entrance  diameter.  It  is  worth  while  to  remove  this 
burr.  The  following  table  shows  the  reduced  cross-section  area  of  a 
number  of  sizes  of  pipe  cut  with  this  tool: 

Reditction  of  cross-section  areas  of  pipes  of  various  size  cut  with  the  rolling  cutter. 


Diameter  of  pipe. 

i-inch. 

|-inch. 

Mnoh. 

li-inch. 

IMnch. 

2-inch. 

2(-inch. 

Reduced  areft ......... . 

Percent. 
87 

Per  cent. 
77-83 

Per  cent. 
88-90 

Percent. 
80^ 

Percent. 
86 

Percent. 

00 

Percent, 
95 

Wherever,  as .  sometimes  happens,  it  becomes  necessary  to  extend 
the  suction  pipe  horizontally  for  any  distance,  such  horizontal  section 
should  be  given  a  larger  diameter  than  that  used  in  vertical  sections. 
The  larger  volume  of  water  which  the  head  (B — S,  fig.  4,  p.  14)  must 
move,  together  with  the  added  friction  of  the  increased  length  of  pipe 
and  of  the  necessary  turns,  reduces  the  velocity  of  the  incoming  water 
and  fixes  a  lower  limit  to  the  possible  piston  speed. 


.  UPSTROKE. 

On  the  upstroke  the  pump  simultaneously  performs  two  distinct 
operations:  It  lifts  directly  the  column  of  water  L  (fig.  4,  p.  14) 
and  the  atmospheric  column  above  it.  By  thus  completely  relieving 
of  load  the  column  of  water  below,  it  establishes  the  conditions  under 
which  that  lower  column  is  driven  upward  by  the  atmospheric  pres- 
sure without.  The  resistances  to  upward  movement  above  the  deliv- 
ery valve  offered  by  the  water  are  its  hydraulic  pressure,  its  inertia, 
and  its  friction.  The  hydraulic  pressure  depends  on  the  height  H, 
and  is  about  0.433  pound  per  square  inch  of  piston  area  for  each  foot 
of  height  of  water.  If  the  discharge  pipe  is  smaller  than  the  cylinder, 
the  velocity  of  the  discharging  water  will  be  correspondingly  greater. 
If  the  velocity  be  doubled,  the  f  rictional  resistances,  varying  as  the 
velocity  squared,  will  be  increased  four  times.  Furthermore,  water 
encounters  resistance  in  making  entrance  into  a  pipe;  wherefore  it  is 
desirable,  when  practicable,  that  the  discharge  pipe  should  have  the 
same  size  as  the  cylinder.  If  the  pump  rod  be  carried  through  a  stuff- 
ing box  its  friction  therein  will  be  considerable.  There  will  be  f ric- 
tional loss  also  at  the  necessary  turns  in  the  delivery  pipe,  which  loss 
may,  however,  be  minimized  by  giving  to  these  turns  a  long  radius. 

During  the  upstroke  there  is  acceleration  of  speed  at  the  outset  and 
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retardation  toward  the  close,  the  rate  of  acceleration  diminishing 
toward  the  center  of  the  stroke,  and  the  rate  of  retardation  increasing 
from  that  x>oint  toward  the  close  of  the  stroke.  The  upward  start  of 
the  water  column  is  thus,  in  effect,  somewhat  abrupt,  and  in  abruptly 
overcoming  the  inertia  of  this  water  column  a  pull  is  exerted  upon 
the  pump  rod  much  in  excess  of  that  due  to  the  weight  of  the  water 
alone.  This  inertia  resistance  also  varies  as  the  velocity  squared, 
and  becomes  a  destructive  resistance  in  fast-running  pumps. 

DOWNSTROKB. 

At  the  'finish  of  the  upstroke  the  suction  valve  below  closes,  and 
the  column  of  water  above  it  remains  at  rest  until  the  downstroke 
has  been  completed  and  another  upstroke  begun.  During  the  descent 
of  the  piston  through  this  stationary  column  of  water  the  piston 
valve,  or  delivery  valve,  as  it  is  called,  is  opened  thereby.  The  resist- 
ances encountered  on  the  downstroke  are  the  frictional  resistance  of 
the  piston  packing  and  of  the  column  of  still  water  through  which 
the  piston  has  to  be  forced.  It  will  be  apparent  that  no  useful  work 
is  accomplished  on  the  downstroke;  that  all,  on  the  other  hand,  is 
accomplished  on  the  upstroke.  In  rising,  the  piston  lifts  B+L,  and 
in  turn  is  pressed  upon  from  below  by  B — S,  the  difference  between 
these  forces  being  that  force  necessary  to  be  applied  to  the  rod  and 
equal  to  H,  fig-  4,  p.  14.  It  is  therefore  evident  that  the  force  to  be 
exerted  is  measured  by  the  total  height  of  the  water  lift  and  is  inde- 
pendent of  the  relation  of  the  suction  lift  to  the  direct  lift. 

VALVES. 

There  are  two  common  forms  of  valves — the  clack  valve,  which 
oi>ens  on  a  hinge,  and  the  disk  valve,  which  rises  bodily  on  guides 
either  at  its  circumference  or  along  a  central  spindle.  Valves  of 
whatever  variety  should  open  and  close  readily,  and  should  afford, 
when  open,  a  water  way  as  large  and  as  direct  as  practicable.  To  open 
readily  they  must  not  be  too  heavy;  on  the  other  hand,  for  quick 
closing  weight  is  an  advantage.  Also,  to  give  free  and  large  water 
passage  they  must  have  considerable  amplitude  of  movement;  yet, 
again,  for  quick  closing  such  amplitude  of  movement  is  a  disadvan- 
tage. Thus  it  appears  that  of  necessity  valve  design  is  a  matter  of 
compromise  among  opposing  conditions  and  requirements. 

Some  of  the  conditions  which  bear  upon  valve  design  are  brought 
out  in  the  following  diagrams.  Fig.  7  is  the  record  made  by  an  8-inch 
pamp  having  large  clack  valves,  the  smallest  valve-ox)ening  area 
being  70  per  cent  of  the  cylinder  cross-section  area,  and  even  this  is 
an  unusually  large  valve  opening.  These  valves  were  in  fact  so  large 
that,  in  the  experiments,  at  only  25  strokes  per  minute  they  did  not 
close  until  from  7  to  8  per  cent  of  the  stroke  had  been  made.     On 
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the  return  stroke  the  lower  valve  did  not  close  until  the  piston  had 
had  time  to  travel  from  B  to  C  (fig.  7),  during  which  time,  of  course, 
water  was  escaping.  This  delay  in  closing  and  the  consequent  loss 
of  water  occurred  at  the  very  moderate  piston  speed  of  about  40  feet 


Fig.  7.— Dynamometer  diagram  of  pami>-rod  stresses  from  an  8-inch  pump  having  large  dack 

yalyes.    Piston  speed,  40  feet  per  minute. 

per  minute.    Its  diagrammatic  record  exhibits  the  main  defect  in 
large  clack  valves. 

Fig.  8  is  the  record  made  by  a  6-inch  pump  using  eight  small  clack 
valves  for  delivery  valves,  having  a  14-inch  stroke,  and  operated  at  a 
speed  of  55  strokes  per  minute.     The  aggregate  area  of  the  valve 
openings  was  15  per  cent  in  excess  of  the  cylinder  cross-section 
I    area,  yet  at  this  high  piston  speed  of  more  than  125  feet  per 
1    minute  the  delay  in  the  closing  of  these  valves,  as  shown  at  A, 
was  very  small,  being  only  about  2  per  cent  of  the  time  interval 
of  the  whole  stroke.     The  efficiency  of  this  pump  was 
very  high.     Thus  there  is  seen  to  be  decided  advantage 
in  the  substitution,  wherever  practicable,  of  several 

small  valve  openings  for  a  single  large  one. 

Valve  lift  is  thereby  mini- 
mized and  quick  closing  se- 
cured, and  without  reduc- 
tion in  the  aggregate  area  of 
valve  opening. 

That  the  discharge  area 
around  the  edge  of  a  clack 
valve  shall  equal  that  of  the  valve-seat  opening,  the  valve  must 
rise  at  its  outer  edge  to  a  height  equal  to  at  least  half  the  diameter 
of  the  valve  opening.  The  diameter,  in  inches,  of  a  clack-valve 
opening  should  not  exceed  100  divided  by  the  speed  of  the  pump 
in  strokes  per  minute.  For  example,  a  pump  making  25  strokei9 
per  minute  should  have  a  clack-valve  opening  not  exceeding  in 


Fio.  8.— Dynamometer  diagram  oT  pump-rod  stresses 
from  a  0-inch  pomp  having  multiple  small  yalvos. 
Piston  speed,  40  feet  per  minute. 
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diameter  yy,  or  4  inches.  ThTis  the  clack  valve  is  limited  in  ase 
either  to  small  pumps,  to  pnmps  of  low  Rpeed,  or  to  pumps  of  such 
design  that  they  admit  of  the  introduction  of  several  Bmall  valves  in 
sabstitntion  for  a  single  lai^e  one. 

With  multiple  valves  the  valve  area  should  be  equal  to  at  least  50 
per  cent  of  the  cylinder  cross-section  area.  A  modification '  of  the 
asnal  clack  valve  is  presented  in  fig.  9,  A,  as  an  illustration  of  the 
manner  in  which  some  of  the  objections  to  this  valve  may  be  over- 
come. This  modification  consists  in  mounting  upon  the  back  of  the 
lai^  clack  a  second  clack,  covering  s  valve  opening  in  the  first.  The 
tendency  of  the  current  of  water  to  open  widely  the  larger  clack  is  in 
part  overoome  by  the  yielding  of  the  smaller  clack.  It  is  claimed 
that  higher  speeds  may  thns  be  attained;  also  that  the  modification 
can  readily  be  introduced  into  any  large  single  clack  already  in  use. 

The  advant^;es  of  the  clack  valve  are  its  simplicity  and  its  high 
efficiency  at  low  speed.    Being  usnally  cut  out  of  leather,  as  shown 


Fta.  a.— CUck  valvea;  A,  vertical  bsl 


of  doDlile  clack  trItb;  B.  leather  bi 


in  fig.  9,  B,  it  is  self-packing  when  closed  and  is  self-hinged.  It 
shonld  be  cut  from  a  solid  piece  of  leather,  of  uniform  thickness  and 
-without  soft  spots.  The  width  of  the  hinge  should  equal  half  the 
valve  diameter,  and  the  leather  should  be  placed  with  the  hair  side 
to  the  seat.  A  metal  disk  slightly  larger  than  the  valve  opening 
should  be  attached  to  the  back  of  the  valve,  both  to  add  to  its  stiffness 
and  to  give  it  weight. 

Claok  valves  should  have  a  small  angle  of  lift  in  pumps  running 

more  than  15  strokes  per  minute.     The  resistance  to  flow  through 

clack  valves  has  been  determined  for  the  following  angular  openings: 

Se*ittance  to  flow  through  clack  valve». 


De^™™  of  lift. 

IB' 

20° 

26' 

80" 

10° 

Berfrtance 

1    pB-rf. 

Perct. 

Percl. 
St 

F^ct^ 

Ferct. 
10 
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In  a  6-iiich  cylinder,  with  a  20-foot  lift,  the  piston  friction  will  be 
about  30  pounds,  or  12  i)er  cent  of  the  weight  of  the  water  lifted. 
I    The  piston  friction,  regarded  thus  as  a  percentage,  is,  approxi- 

W 

mately,  -^.     To  show  the  amount  of  this  piston  friction,  reference  is 

made  to  fig.  6,  A.  This  diagram  is  from  a  pump  having  a  4-inch 
cylinder,  a  14:-inch  stroke,  and  running  at  10  strokes  per  minute. 
The  suction  lift  was  30.8  feet,  and  the  total  lift  was  38  feet.  There 
was  about  8  feet  of  water  above  the  piston.  The  height  y  represents 
the  pull  on  the  rod  due  to  the  lifting  of  the  8  feet  of  water,  the  atmos- 
pheric pressure,  and  the  weight  of  piston  and  rod,  and  to  the  over- 
coming of  the  friction  of  the  cup  leather. 

The  piston,  once  having  left  the  water  behind,  is  beyond  the  influ- 
ence of  the  suction  valve.  The  line  y'  represents  the  pull  due  to  the 
load  of  nearly  8  feet  of  water,  the  atmospheric  pressure,  and  the 
weight  of  piston  and  rod;  but  it  does  not  represent  in  this  case  the 
friction  of  the  piston,  which,  on  the  downstroke,  tends  rather  to 
reduce  the  pull  on  the  rod  and  to  produce  compression.  The  differ- 
ence between  y  and  y',  therefore,  represents  twice  the  combined  pis- 
ton and  water  friction  in  the  deliverj'^  pipe.  At  this  speed  the  water 
friction  in  a  straight  pipe  is  very  small,  and  the  difference  is  almost 
entirely  due  to  piston  friction.  In  this  case  it  amounts  to  30  per  cent 
of  y.  The  piston  friction  was,  therefore,  15  per  cent  of  the  whole 
work  done,  equivalent  to  about.  18  per  cent  of  the  weight  of  water. 
The  pump  leather  was  three- fourths  inch  wide.    By  the  above  formula 

W 

YT  would  give  18f  per  cent.     The  width  of  the  packing  leather  is  said 

to  influence  the  friction  very  little  in  heavy  hydraulic  work,  but  it 
seems  to  be  important  with  the  lighter  pressures  of  ordinary  pumping. 
I  Piston  friction  is  a  large  factor  in  the  problem,  varying  nearly 
directly  as  the  lift  and  inversely  as  the  cylinder  diameter.  The  tend- 
ency is  to  render  the  efficiency  of  the  larger  cylinders  the  higher. 
Since  a  single  leather  has  been  found  insufficient  for  the  prevention 
of  leakage  in  pumps  working  in  deep  wells,  two,  or  sometimes  even 
three,  are  used.  Where  these  leathers  can  not  readily  be  procured 
they  can  be  made  by  soaking  good  harness  leather  until  pliable  and 
then  bolting  it  into  a  wooden  form.  To  make  the  form,  a  board  about 
three-fourths  inch  thick,  having  in  it  a  hole  of  the  same  diameter  as 
the  pump  cylinder,  is  nailed  to  a  stiff  backboard,  and  a  cylindrical 
block,  three-eighths  of  an  inch  less  in  diameter,  is  bolted  concentric- 
ally within  the  circular  opening.  The  bolts  should  be  long  enough  so 
that  the  wet  and  pliable  leather,  laid  over  the  hole,  can  be  drawn 
down  by  the  bolts  and  block,  forcing  the  leather  into  position.  The 
wrinkled  edge  of  the  leather  can  then  be  trimmed  off,  and  when  the 
whole  is  dry,  removed  and  brought  to  a  thin  and  even  edge  with 
a  sharp  knife.    The  friction  of  the  piston  leather  should  not  be  so 
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great  that  on  the  downstroke  the  piston  will  not  return  by  its  weight 
alone. 

Metal  rods  joined  by  screw  couplings  are  commonly  used  in  such 
pumps.  By  using  a  large  rod  a  differential  action  is  obtained  in  the 
delivery,  rendering  more  uniform  the  work  between  the  upstroke  and 
the  downstroke.  A  stiff  rod  is  necessary  where  water  is  delivered 
on  the  downstroke.  Wooden  rods,  because  of  their  elasticity,  fre- 
quently give  less  trouble  at  connections  than  metal  rods,  and  where 
delivery  pipes  are  large  enough  they  are  sometimes  preferred. 

PISTON   SPEED. 

Four  factors  tend  to  limit  the  piston  speed:  First,  the  excessive 
initial  shock  of  lift  on  the  upstroke;  second,  the  tardy  closing  of 
valves;  third,  incomplete  filling  of  the  cylinder;  fourth,  the  rapid 
lowering  of  general  pump  efficiency  as  the  speed  is  increased. 

To  give  \o  a  body  of  water  rapid  motion  necessitates  a  greater 
expenditure  of  energy  than  would  be  necessaiy  simply  to  balance  its 
static  pressure.  The  acceleration  of  motion  of  the  water  is  greatest 
at  the  beginning  of  the  upstroke,  and,  as  the  rotative  speed  of  the 
crank  increases,  the  acceleration  and  the  force  necessary  to  produce 
it  also  increases.  In  practice  the  quantitative  importance  of  this  first 
stress  is  found  to  be  largely  a  matter  of  pump  design.  If  the  rod  is 
short  and  the  pump  connections  and  frame  very  rigid,  the  stresses 
will  increase  to  a  high  limit  earlier  than  when  the  machine  has  a 
certain  lack  of  rigidity.  The  yielding  of  windmill  towers  to  the 
various  shocks  of  pump  operation  is  in  those  structures  a  means  of 
keeping  down. this  stress.  The  extension  and  the  elasticity  of  the 
pump  rod  also  tend  to  soften  the  shock  of  starting  the  water  column. 
The  spring  of  parts  is,  therefore,  in  some  degree,  rather  an  advan- 
tage than  otherwise,  and  the  incorporation  of  a  stiff  spring  into 
the  pump  rod  would  be  advantageous. 

In  some  of  the  pumps  tested  the  pump  rod  had  a  length  of  about  40 
feet  and  the  machinery  was  placed  upon  an  unusually  rigid  floor. 
Fig.  11  shows  the  maximum  stress  for  a  number  of  pumps  tested 
from  this  floor.  The  horizontal  distances  represent  average  piston 
speed  in  feet  per  minute.  With  the  pump  piston  at  rest,  the  pump 
rod  supported  a  certain  constant  load.  With  the  pump  piston  in 
motion,  this  load  no  longer  remained  constant,  but  varied,  being 
^eater  at  the  beginning  of  the  stroke  and  at  the  end  usually  less; 
and  this  variation  was  found  to  increase  as  the  speed  increased.  In 
fig.  11  distances  above  the  base  line  exhibit  this  increase  of  stress. 
Vertical  distances  represent  the  maximum  load  while  running, 
expressed  in  percentages  of  the  quiet  load.  For  example,  in  the  test 
of  one  4-inch  pump  it  appeared  that  at  a  speed  of  40  feet  per  minute 
the  maximum  load  on  the  rod  was  175  per  cent  of  the  quiet  load, 
while  at  a  speed  of  80  feet  per  minute  it  was  about  200  per  cent.     In 
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the  test  of  another  4-inch  pump,  at  these  same  speeds  the  correspond- 
ing percentages  were  200  per  cent  and  400  per  cent.  At  piston  speeds 
of  70  feet  per  minute  the  initial  stress  may  be  equivalent  to  from  two 
and  one-half  to  five  times  the  weight  of  the  water.  The  i)ercentage8 
are  greatest  where  loads  are  light.  Where  the  parts  are  not  of  ample 
proportions,  or  where  they  are  loosely  assembled,  the  shocks  due  to 
this  initial  stress  soon  destroy  the  machine. 

The  stresses  shown  in  fig.  11  may  in  large  part  be  due  to  the  late 
closing  of  valves.  In  fig.  12,  delayed  and  sudden  application  of  the 
load  after  the  piston  had  acquired  a  high  speed,  at  one-tenth  of  its 
upward  stroke,  produced  a  much  more  severe  shock  than  would  have 
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been  felt  if  the  valve  had  closed  earlier.  The  effect  of  this  slow 
closing  of  large  valves  is  shown  by  the  upper  line  in  fig.  11.  In  the 
case  of  the  lower  valve  it  produces  a  blow  on  the  under  side  of  the 
piston,  and  frequently  the  shock  of  this  blow  is  such  as  to  jar  a  spray 
at  each  stroke  from  the  upper  surface  of  the  water  in  the  delivery 
pipe. 

Incomplete  filling  of  the  cylinder  limits  piston  speed,  as  shown  in 
figs.  5,  B  (p.  16),  to  6,  D  (p.  17).  There  is  no  advantage  to  be  gained 
in  running  faster  than  the  cylinder  can  fill.  The  upward  tendency 
of  the  water  into  the  cylinder  depends  rather  upon  other  forces  which 
we  have  called  "head."    We  have  seen  that  "suction"  is  the  name 
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for  an  appearance  rather  than  for  an  actual  fact.  The  piston  merely 
relieves  the  lower  water  column  of  load,  and  this  column  rises  really 
under  impulse  from  other  agencies.  lb  becomes  the  business,  then, 
of  the  piston  to  keep  the  load  that  had  held  it  down  out  of  Us  way. 
Incomplete  filling  reduces  the  maximum  stress  nearly  to  that  of  a 
constant  load,  and  indeed  during  the  first  part  of  the  upstroke  it 
results  in  more  quiet  running;  but  on  the  downstroke,  on  the  other 
hand,  with  water  and  piston  moving  in  opxx>site  directions,  it  pro- 
duces serious  pounding. 

Longer  strokes  admit  of  a  much  more  rapid  pist>on  speed.  This 
speed  is  limited  by  the  number  of  times  per  minute  the  valves  can 
open  and  close  without  serious  shock  and  by  the  clear  valve  area. 
William  Barr,  in  discussing  steam  pumps,  says  of  the  action  of  these 
valves:  "The  area  of  clear  way  through  a  set  of  valves  in  a  water 
end  should  be  not  less  than  40  per  cent  of  the  plunger  area  for  speeds 


Fig.  12L— Dynamometer  diagram  of  pnmp-rod  stresses,  showing  exoeflsive  initial  shock  dne  to 

late  dosinff  of  discharge  valve. 

of  100  feet  per  minute,  60  per  cent  for  125  feet,  60  per  cent  for  150 
feet,  75  per  cent  for  175  feet,  and  100  per  cent  for  200  feet  per 
minute."  With  the  usual  windmill  speeds,  not  exceeding  30  strokes 
per  minute,  a  stroke  of  2  feet  would  give  a  piston  speed  of  120  feet 
-per  minute,  and  should  be  possible  with  pumps  having  50  per  cent  of 
clear  valve  area.  Steam  pumps,  as  stated  by  Barr,  have  a  low  effi- 
ciency as  compared  with  some  of  the  best  forms  of  irrigation  pumps; 
and  while  the  above  speed  is  possible,  the  valve  area  for  high  effi- 
ciency should  be  larger  still.  It  is  impossible  accurately  to  set  limits 
to  pump  speed,  because  it  depends  upon  valve  design  and  upon  length 
of  stroke,  which  in  turn  vary  greatly  in  different  forms  of  pumps. 

The  individual  peculiarities  of  various  makes  are  well  brought  out 
in  fig.  11.  The  4-inch  Frizell  pump,  which  gave  the  lowest  maximum 
stress,  and  therefore  made  record  of  smooth  running,  had  a  valve 
area  of  but  27  per  cent,  while  the  8-inch  Van  Voorhis  pump,  which 
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had  97  per  cent  of  valve  area  and  a  short  stroke,  was  noisy.  In 
general  it  may  be  said  of  a  reciprocating  pump  that  a  speed  of  100 
feet  per  minute  is  about  all  that  should  be  expected.  The  following 
table  shows  the  highest  piston  speed  employed  in  the  test  of  a  num- 
ber of  irrigation  cylinders.  For  a  regular  working  speed  it  would  be 
excessive 

Speeds  of  piston  in  irrigation  cylinders. 


Ncofflg. 
herein. 

Diameter, 
in  inches. 

Stroke,  in 
inches. 

Speed,  in 

zeetper 

minnte. 

18 
27 
23 
14 
32 

4 
4 

6 
8 

8 

14.00 
23.70 
14.11 
13.05 
10.00 

114 
198 
141 
90 
216 

Weisbach  says:  "  Usually  the  velocity  of  the  piston  is  not  over  78 
feet  per  minute,  the  common  valve  ranging  between  40  and  60  feet, 
though  piston  velocities  of  196  feet  sometimes  occur."  In  some  high- 
class  pumping  engines  speeds  of  480  feet  have  been  obtained. 

While  it  is  possible  to  run  at  a  high  speed,  it  may  not,  for  practical 
reasons,  be  desirable  to  do  so.  By  referring  to  the  diagrams  showing 
the  efficiencies  of  pumps  of  various  design  it  is  seen  that  all  are  more 
efficient  at  slow  speeds.  A  fall  in  efficiency  of  about  15  per  cent — ^up 
to  30  strokes  per  minute — is  to  be  expected,  even  in  a  good  pump.  A 
large  pump  run  slowly  will,  therefore,  work  with  small  power  and  to 
better  advantage  than  a  smaller  pump  at  a  higher  speed.  For  the 
very  best  results  in  connection  with  a  windmill  a  higher  gearing  than 
the  usual  3  to  1  would  be  advisable,  the  limiting  factor  being  the 
increased  expense  of  the  larger  size  of  pump  thus  made  necessary. 


DISCHARGE. 

The  discharge  of  a  pump  per  stroke  is  measured  by  the  capacity  of 
the  cylinder  within  the  stroke  length,  less,  however,  the  amount  by 
which  the  cylinder  may  have  failed  to  fill  on  the  upstroke,  and  less, 
as  well,  those  losses  on  the  downstroke  which  will  result  from  back- 
slip  of  water  past  the  tardily  closing  valve  and  from  leakage  through 
the  valve  after  closing.  The  discharge  of  various  cylinders  tested  is 
given  in  diagrams  accompanying  the  description  of  each.  Reuleaux 
gives  the  discharge,  in  per  cent  of  the  geometrical  displacement,  as 
92  per  cent  at  a  speed  ranging  from  27  to  40  strokes  per  minute,  95 
per  cent  at  60  strokes,  and  98  per  cent  at  60  strokes.  At  slow  speed 
the  leakage  reduces  the  discharge  by  an  amount  ranging  from  1  to  5 
per  cent.  This  loss  diminishes,  as  a  percentage,  with  increase  of 
speed,  but  with  high  speed  the  loss  from  slow  closing  of  valvea 
rises  and  soon  outweighs  it.     Weisbach  states  the  loss  to  be  from  5 
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to  15  per  cent,  which  »eems  excessive  for  such  cylinders  as  have  been 
tested  by  the  writer. 

Where  the  velocity  of  water  is  high,  owing  either  to  a  high  piston 
speed  or  to  a  small  pipe,  the  discharge  per  stroke  may  e\^n  exceed 
the  cylinder  capacity  per  stroke.  The  momentum  of  the  rising  water 
may  be  sufficient  to  hold  the  valves  open  for  a  brief  interval  after  the 
completion  of  the  upstroke,  and  thus  for  a  moment  to  continue  intake 
after  the  beginning  of  the  downstroke.  The  paradoxical  character  of 
this  effect  is  brought  out  by  the  discharge  curves  in  figs.  19  (p.  32)  and 
22  (p.  35),  and  by  the  stress  diagram,  fig.  13.  This  stress  diagram  is  a 
record  from  the  work  of  the  pump  shown  in  fig.  18  (p.  32),  and  indi- 
cates that  the  tension  on  the  rod  in  that  pump,  under  the  conditions 
imposed,  was  relieved  by  the  momentum  of  the  rising  column  of 
water  before  the  end  of  the  stroke  had  been  reached,  and  that  this  mo- 
mentum impulse  continued  effective  until  the  lower  valve  had  closed, 
at  A  (fig.  13),  on  the  return  stroke.  This  same  effect  may  be  observed 
when  the  suction  pipe  is  carried  to  a  considerable  horizontal  distance, 
increasing  the  weight  of  the  moving  water.  Unless  a  suction  cham- 
ber is  put  on  in  such 
cases,  the  suction  pipe 
should  increase  in  area 
directly  as  the  length  in- 
creases. Fig.  19  shows 
an  example  of  the  dis- 
charge being  increased 
by  a  more  rigid  setting. 

EFFICIENCY  OF  PUMPS. 

The  efficiency  of  a 
pump  is  that  percentage 
of  the  effort  expended 
which  is  returned  in  use- 
ful work  as  water  lifted. 
Efficiency  will  vary  with  the  design,  speed,  and  adaptation  to  the 
particular  use.  In  small  steam  pumps  the  useful  work  done  will 
account  for  only  about  50  per  cent  of  the  power  developed  by  the 
steam.  Weisbach  states  the  efficiency  to  be,  "in  well-designed 
pumps,  working  under  favorable  conditions,  80  per  cent;  in  pumps 
of  average  perfection,  75  per  cent;  and  in  ordinary  pumps,  70  per 
cent,  and  sometimes  65  per  cent  only."  Mr.  William  O.  Weber ^  gives 
the  efficiency  of  reciprocating  pumps  as  follows: 

Efficiency  of  reciprocating  pumps. 


Fio.  13.~D7tuunom6ter  diagram  of  pump-rod  stresses, 
showing  ezcessiye  dischax^re* 


Ijift  (f«flfe) 

10 
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61 

80 
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87 
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89 
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1  Trans.  Am.  Soc.  Meoh.  £ng.,  toI  7,  p.  608. 
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To  determine  the  usual  range  of  efficiency  for  such  pumps  as  are 
offered  for  irrigation  purposes,  and  to  determine  what  room  there  may 
be  in  them  for  improvement,  the  author  has  made  something  more 
than  1,000  measurements  of  various  designs.     The  process  by  which 
were  obtained  the  stress  diagrams  previously  referred  to  affords  a 
method  for  determining  the  amount  of  work,  useful  and  otherwise, 
performed  by  the  pump.     By  weighing  the  water  discharged  at  various 
speeds  and  lifts  a  rating  curve  for  each  pump  was  obtained;  and  the 
useful  work  was  determined  by  multiplying  the  weight  of  water  dis- 
charged by  the  total  lift.    The 
diagrams  show  only  the  work 
actually  performed  by  the  pump 
rod,  and  therefore  do  not  exhibit 
the   ineffectual   effort    of  the 
mechanism  which  transmitted 
power  to  the  rod.     The  efficien- 
cies are  those  of  the  pump  cylin- 
der and  the  pipes  alone.    They 
seem  to  show  that  some  forms 
of  the  irrigation  pumps  tested 
here    compare  very  favorably 
with   those   tested   by  others. 
Each  pump  has   a  particular 
sphere  to  which  it  is  best  adapt- 
ed.    No  great  increase  of  effi- 
ciency over  the  best  now  to  be 
had  is  to  be  expected  in  any  new 
form.     Many  of  those  now  in 
the  market  could  be  much  im- 
proved.    The  pumps  represent- 
ed in  the  drawings  are  typical, 
and  by  noting  their  perform- 
ance, as  shown  in  the  following 
diagrams,  the  general  range  of 
efficiency  of  other  pumps  may 
often  be  closely  approximated. 
The  efficiency  is  seen  to  rise  with  increase  of  lift  and  to  fall  with 
increase  of  speed.     The  maximum  efficiency  is  reached  at  lifts  lower 
than  those  of  Weber's  table.     Certain  pumps  may  be  expected  to 
have  an  efficiency  above  80  per  cent  at  the  usual  speeds  and  at  mod- 
erate lifts.    Efficiency  with  such  will  but  slightly  increase,  if  at  all,  at 
lifts  of  more  than  50  feet. 

MAJtK  PUMP. 

Fig.  14  shows  an  8-inch  brass  cylinder  having  disk  valves  with 
limited  movement.  It  is  made  by  the  Mark  Manufacturing  Company, 
of  Chicago,  Illinois,  and  is  specially  designed   for  irrigation  work. 


Pig.  U.— Vertical  section  of  8-lnch  brass  cylinder 

with  disk  valves. 
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Pi  a.  15.— -Diflcharge  curve  of  8-lnch  Mark  pum)>. 
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Fio.  16.— Varytng-efflciency  carve  of  S-inch  Mark  pamp,  showiziK  effect  of  varying  height  of  lift 
and  speed.  (The  line  for  11.8  lift  has  been  placed  10  per  cent  too  high  in  the  column  9M0.  It 
Bhonld  curve  downward  at  the  end  and  not  cross  the  line  21.8.) 


32  TESTS  OF  POMPS   AND  WATER  LIFTS.  [noil. 

The  lower  valve  is  limited  in  movement  by  a  cross  attached  to  a  pend- 
ent spindle  on  the  valve  disk.  This  valve  is  leather  faced  and  haa  a 
clear  opening  of  3C  per  cent  of  the  piston  area.     The  upper  valve  area 
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Fia.  IT.— Vu-lntlon  of  effldoncy  vltli  varying  hel^lib  ol 
lltt  of  8-lnch  Mark  pomp  at  npsod  of  15  strokes  per 


is  34.7  percent,  the  area  between  the  edge  of 
the  disii  and  the  cylinder  walls  is  53  per  cent, 
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11  o(  4-liich  Mark  pump. 


Fio.  18.— Vertical  section  of  & 
and  the  area  between  the  edge  of  the  disk  and  5^^'^^^^°'"'°^"  **  "°^ 
the  valve  seat  is  slightly  in  excess  of  the  valve 

area.     The  weight  of  tlie  pump  is  145|-  ponnds;  of  the  piston  aad  rod 
alone,  67^  pounds.     The  pump  rod  was  a  three-fourths-inch  pipe,  and 
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the  delivery  pipe  was  6-iuch.  This  pump  is  typical  of  the  best  design 
of  those  having  large  disk  valves.  It  shows  a  very  high  efficiency  at 
slow  speeds,  but  a  rapidly  falling  efficiency  as  the  speed  increases. 
Fig.  15  shows  the  discharge  to  be  about  96  per  cent  of  the  geometrical 
displacement  of  the  piston  at  a  speed  of  25  strokes  per  minute,  but 
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Pio.aOl— Varylng-efllciencr  oarves  of  4-iiichMark  pmnp,  showing  effect  of  varying  height  of  lift 
and  speed.  (The  lines  for  17.83  and  Zi  should  not  cross.  The  diagram  is  erroneous  in  this 
respect.    The  correct  figures  for  these  curves  are  given  on  pages  87, 88. ) 

also  shows  that  it  has  a  falling  rate  beyond  that  speed.  The  ef&ciency 
is  high  for  strokes  fewer  than  20  per  minute,  and  at  lifts  exceeding 
10  feet.  Fig.  16  shows  the  efficiency  curves  at  five  lifts,  from  6|  to 
26i  feet. 

IBB  14 3 
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In  fig.  17  the  heavy  vertical  lines  show  the  range  of  efficiency  at 
vaiying  speeds  at  each  lift,  and  the  irregular  line  joining  those  points 
represents  the  efficiencies  at  a  speed  of  15  strokes  per  minute.  It 
would  seem  from  this  diagram  that  a  considerable  increase  of  efficiency 
at  a  higher  lift  is  not  to  be  expected. 

Fig.  18  gives  a  section  of  a  brass-lined  cylinder  of  the  same  make, 
which  is  typical  of  the  better-made  small  pumps  that  provide  for  a 
suction  and  discharge  pipe  of  less  diameter  than  the  cylinder.  It  has 
a  14-inch  stroke,  with  a  metal  disk- valve  carried  in  the  piston.  The 
upper  valve  area  is  30  per  cent  of  the  cylinder  area.  The  lower  metal 
valve  seats  on  a  rubber  ring.  The  lower  valve  area  is  18  per  cent. 
The  suction  and  delivery  pipes  are  2-inch. 

Fig.  19  shows  two  discharge  curves  of  this  pump.     When  rigidly 
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Fig.  21.— Variation  of  efficiency  with  varying  height  of  lift  of  4-inch 
Mark  pnmp  at  speed  of  20  strokes  per  minnte. 

held,  so  that  the  rapidly  moving  water  could  not  jar  the  pump  and 
pipe,  the  discharge  was  greater  than  when  simply  suspended  in  the 
well,  as  usual.  The  discharge  is  greater  than  the  geometrical  dis- 
placement of  the  piston  at  speeds  above  38  strokes  per  minute,  owing 
to  the  high  velocity  of  the  water  in  a  small  pipe.  The  efficiencies  at 
six  different  lifts  are  given  in  the  tables,  and  in  the  diagram,  fig.  20. 
The  rapidly  lowering  efficiency  shows  the  effect  of  small  connections 
and  of  small  valve  area. 

From  fig.  21  the  maximum  efficiency  seems  to  be  reached  at  about 
a  25-foot  lift.  This  pump  was  used  in  an  interesting  test  which  broughti 
out  the  effect  of  varying  the  suction  lift.  The  total  lift — suction  and 
direct  together — ^was  38  feet.  The  cylinder  was  placed  at  different 
heights  in  the  pipe,  giving  different  heights  of  suction,  ranging  fronx 
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nothing  to  30i  feet.     Fig.  22  shows  the  effect  on  the  discharge  of  the 
varying  suction  lift.     In  all  cases,  as  the  speed  increases^  the  tendency 
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Fig.  22— Discharge  carve  for  4-lnch  Murk  pomp  at  a  total  lift  of  88  feet  and  at  various  suction 

Ufts. 

is  to  increase  the  discharge;  but  when  the  lift  gets  to  be  so  great  that 
the  atmospheric  pressure  is  unequal  to  the  filling  of  the  cylinder  the 
discharge  curve  rapidly  falls.     This  maximum  rise  of  the  curve  is  seen 
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to  occur  earlier  with  each  successive  increase  in  the  suction  lift. 
Figs.  5,  J?  to  6,  D  (pp.  16,  17)  give  diagrams  of  stresses  in  the  pump- 
rod,  and  may  be  compared  with  fig.  5,  A,  which  is  typical  of  normal 
conditions.     The  tables  present  the  results  of  suction  tests. 

Discharge  of  S-inch  Mark  pump  stroke^  18,94  inches. 


Speed.' 


10 
10 
16 
16 
20 
20 
26 
26 
80 
80 
85 
85 
40 
40 


Discharffefor 

15  strokes; 

lift,  6.5  feet. 


867i 

809^ 

866^ 

868 

868 

865^ 

865 

865 

858 

858 

846i 

848 

337i 

352 


Discharge  for 

15  strokes; 

lift,  11.8  feet. 


8n 

869 

868* 

862* 

869* 

867 

869* 

870* 

867 

861i 
858 

866* 

860 

357 


Discharire  f  or 

15  strokes; 

lift,  26.5  feet. 


856 
865i 

858i 

357* 

858 

858i 

866* 

358i 

851* 

8511 


Plotted 
average  dis- 
charge per 

stroke. 


24.30 


24.80 
"24.36" 


24.266 
"24""" 


23.00 
"28."2d' 


^  Strokes  per  minute. 


Figures  from  efficiency  tests  ofs-inch  Mark  pump;  stroke,  13,94  inches, 

LIFT,  6.5  FEET. 


Speed. 

Dis- 
charge 

per 
stroke. 

Foot- 

poonds 

of  osef  nl 

work. 

Average 
paU  on 
the  rod. 

Foot- 
ponnds 
of  work 
given  to 
the  rod. 

Mechan- 
ical elfi- 
ciency. 

Maxi- 

mnm 

tension 

on  the 

rod. 

Mint- 
mum 
tension 
on  the 
rod. 

10 

PowndH. 
24.300 
24.300 
24.300 
24.800 
24.300 
24.800 

24.266 

24 

24 

28.000 

28.600 

28.600 

28.000 

28.600 

28.200 

28.200 

167.95 

157.95 

157.95 

lff7.95 

157.96 

157.95 

157.78 

167.78 

156 

156 

153.40 

153.40 

168.40 

158.40 

158.40 

150.80 

150.80 

Pounds. 
184.72 
179.64 
200 
191.62 
200 
200.16 
218.86 
220.82 
244.04 
262.52 
284.72 
271.16 
289.80 
260.82 
266.94 
886.88 
820.04 

214.28 
208.88 
282.86 
222.16 
232.36 
282.50 
247.50 
265.57 
288.08 
292.02 
830.28 
314.55 
386.17 
800.81 
809.65 
877.44 
371.25 

78.7 
75.7 
07.9 
71.1 
07.9 
67.8 
68.7 
61.8 
65.1 
58.2 
46.4 
48.7 
45.6 
60.9 
49.5 
89.7 
40.6 

Pounds. 
812 

Pounda. 
72 

10 

15 

15 

20 

20 

25 

25 

80 

80 

648 

—  72 

85 

86 -•- 

664 

—  80 

85 

85 

788 

—108 

35 

40 

40 

LIFT,  U.8  FEET. 


10 

24.80 

24.80 

24.30* 

24.80 

24.80 

24.30 

24.266 

24.266 

24 

24 

28.60 

28.60 

28.20 

28.20 

286.74 
286.74 
286.74 
286.74 
286.74 
286.74 
286.34 
286.84 
283.20. 
283.20 
278.48 
278.48 
273.76 
278.76 

266.00 

290.00 

207 

298.05 

308.50 

805.65 

811.95 

811.95 

828.96 

835.45 

346.80 

846.80 

884.60 

395.80 

340.58 
837.10 
844.62 
845.74 
857.86 
854.44 
885.06 
885.06 
381.66 
889.12 
402.29 
402.29 
446.14 
468.65 

84.2 

85 

88.2 

82.9 

80.2 

80.8 

74.8 

74.8 

74.2 

72.8 

69.2 

69.2 

61.8 

69.4 

480 

70 

10 

15 

16 

20 •. 

20 

26 

86 

80 

80 

660 
700 

—  25 

85 

—  60 

85 

40 

40 

1,140 

—100 

HOOD.] 
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Figures  from  efficiency  teats  of  8-inch  Mark  pump;  stroke^  13,94  inches — Cont'd. 


LIFT,  16.75  FEET. 

Speed. 

Dis- 
charge 

per 
stroke. 

Foot- 
pounds 
oi  useful 
work. 

Average 
puU  on 
the  rod. 

Foot- 
pounds 
of  work 
given  to 
the  rod. 

Mechan- 
ical effi- 
ciency. 

Maxi- 
mum 
tension 
on  the 
rod. 

Mini- 
mum 
tension 
on  the 
rod. 

10 

Pounds. 
24.30 
24.30 
24.30 
24.30 
24.30 
24.30 
24.266 
24.266 
24.00 
24.00 
28.60 
23.20 
fa.  20 

407.08 
407.08 
407.08 
407.08 
407.08 
407.08 
406.47 
406.47 
403.00 
402.00 
395.80 
388.60 
388.60 

Pounds. 
426.22 
419.86 
435.90 
420.45 
445.50 
441.07 
458.82 
467.92 
477.52 
529.72 
665.30 
668.45 
564.82 

404.68 
487.46 
506.06 
408.16 
516.78 
612.60 
631.66 
642.70 
662.03 
610.48 
644.16 
647.80 
656.20 

Per  cent. 
82.3 
85.1 
80.4 
81.7 
78.7 
70.6 
76.4 
74.8 
72.6 
63.0 
61.3 
60.0 
60.3 

Pounds. 
685 

Pounds. 
60 

10 

15 

15 

20 

20 

25 

25 

30 

900 

0 

30 

35 

1,170 
1,246 

150 

40 

—160 

40 

LIFT,  21.8  FEET. 


10 

10 

24.300 
24.300 
24.300 
24.300 
24.300 
24.300 
24.266 
24.266 
24.000 
24.000 
24.000 
23.600 
23.600 

529.74 
529.74 
529.74 
520.74 
620.74 
520.74 
520.01 
620.01 
623.20 
623.20 
623.20 
514.48 
514.48 

636.18 
536.18 
630.47 
530.47 
540.30 
546.00 
582.24 
583.65 
505.86 
505.36 
685.52 
684.15 
707.17 

607.67 
607.67 
611.40 
611.40 
622.54 
618.80 
660.87 
661.47 
674.73 
674.73 
663.50 
776.37 
811.46 

87.1 
87.1 
86.6 
86.6 
86.1 
86.6 
80.2 
70.0 
77.6 
77.5 
78.8 
60.8 
67.5 

826 

75 

16 

15 

ao 

20 

060 
007.5 

75 

25 

— «7.5 

25 

30 

30 

30 

35 

1,387.5 

166 

35 

LIFT,  26.5  FEET. 


10 

24.300 
24.300 
24.300 
24.300 
24.300 
24.300 
24.266 
24.266 
24.000 
24.000 

643.05 
643.05 
643.05 
643.05 
643.05 
643.05 
643.06 
643.06 
630.00 
630.00 

684.15 
680.85 
677.62 
674.32 
094.05 
607.85 
730.37 
740.77 
786.16 
801.67 

776.37 
771.83 
767.07 
764.23 
786.50 
790.83 
816.42 
830.44 
800.07 
906.66 

83.5 
83.6 
83.8 
84.2 
81.8 
81.4 
78.7 
76.6 
71.3 
69.9 

997.6 

45.0 

10 

15 

15 

20 

20 

35 

1,275 

—37.5 

25 

30 

30 

Discharge  of  4-inch  Mark  pump  at  various  speeds  and  lifts. 


Discharge 

,  in  pounds,  for  50  strokes  for  lift: 

Average 
discharge, 
in  pounds, 
per  stroke 
by  dis- 
charge 
curve. 

Speed. 

6.17  feet. 

12.17  feet. 

24.2  feet. 

30.17  feet. 

10 

809.5 

306.5 

306 

306 

306 

305.5 

308 

306.6 

308 

306 

300 

309 

306 

306.6 

aoci 

301 

311 

309.5 

312 

300 

810.6 

810.5 

810.5 

806 

808 

307 

308.5 

308.5 

300.5 

306.6 

312 

310.5 

314.6 

313.6 

304 

303.6 

305 

306.5 

308 

306.5 

300 

306.5 

312.6 

800.6 

310 

311 

311.6 

300 

321 

888.5 

307 

307.5 

300 

308 

307 

308 

307 

309.5 

309 

807 

307 

306.6 

311 

313 

6.146 

10 

x5 

6.148 

15 

20 

6.162 

30 

> 

25 

26 

6.156 

30 

6.16 

30 

36 

6.17 

35 

40 

6.192 

40 

45                  

6.24 

45 

50 

6.28 

50 

38 
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Discharge  of  4-inch  Mark  pump  at  raHoiis  lifts  and  8]?ceds:  puvip  cylinder 

heavily  weighted. 


Bpeed. 

Discharge,  in  pounds, 
for  50  strokes  for  lift: 

Average 
discharge, 
in  pounds, 
per  stroke 
by  dis- 
charge 
curve. 

Speed. 

1 

I 

1 

Diwrharge.  in  pounds, 
for  50  strokes  for  lif t: 

Average 
discharge, 
in  pounds, 
per  stroke 
by  dis- 
charge 
curve. 

30.17  feet. 

36.3  feet. 

30.17  feet. 

36.3  feet. 

10 

308.5 

308.5 

311.5 

812 

311.5 

812 

312 

310.5 

312    • 

305.5 

303.5 

308.5 

307 

308.5 

307.5 

308 

309 

809.5 

6.16 
fi.m" 

30 

311.5 

311 

311.5 

314.5 

317 

832 

328 

339.5 

341 

310 

310.5 

310.5 

331 

316 

328 

329 

3:a.5 

337 

10 

1  36 

,'J5 

6.23 

16 

16 

40 

6.34 

20 

6. 196 

40 

20 

46 

6.684 

26 

6.198 

1  45 

26 

60 

6.744 

80 

6.204 

60 

Figures  from  efficiency  tests  of  4-inch  Mark  pump;  stroke,  13.91  inches, 

LIFT,  6.17  FEET. 


Speed. 

Dis- 
charge 

per 
stroke. 

Foot- 
pounds 
of  useful 
work. 

Average 

pull  on 

rod. 

Foot- 
pounds 
of  work 
given 
to  rod. 

70.21 
69.46 
70.21 
60.1 
69.17 
70.21 
68.65 
83.95 
82.84 
78.12 
95.47 
97. 3:^ 
100.7 
100.7 
102.5 
103.6 
136.1 
•    162.8 
200.9 

Mechan- 
ical effi- 
ciency. 

Maxi- 
mum 
pull  on 
rod. 

10...  

PountU. 
6.146 
6.146 
6.148 
6.148 
6.152 
6.152 
6.152 
6.156 
6.156 
6.166 
6.16 
6.16 
6.17 
6.17 
0.192 
6. 192 
6.24 
6.24 
6.27 

37.92 

37.92 

87.94 

37.94 

37.96 

37.96 

37. 9G 

37.98 

37.98 

37.98 

38.01 

38.01 

38.07 

88.07 

38.21 

38.21 

38.5 

88.5 

38.60 

Pounds. 
60.58 
50.98 
60.58 
50.62 
59.68 
60.68 
50.23 
72.44 
71.47 
75 

82.37 
83.97 
86.86 
86.86 
88.5 
89.42 
117.4 
131.8 
173.3 

Percent. 
54 

54.C 
54 

54.9 
54.8 
54 

55.3 
45.2 
45.8 
43.6 
39.8 
39 
37.8 
37.8 
37.2 
36.8 
28.2 
25  2 
19.2 

PouTidf:. 

8] 

10 

15 

16 

20 

20 

20 

Uf7 

25 

25 

132 

26 

30 

30 

l.'iS 

85 

ib^ 

85 

40 

40 

46 

45 

294 

48 

LIFT,  12.17  FEET. 


10 

6.146 

6.146 

6.148 

6.148 

6.152 

6.162 

6.156 

6.166 

6.16 

6.16 

6.17 

6.17 

6.192 

6.192 

6.24 

6.24 

6.28 

6.28 

74.8 

74.8 

74.82 

74.82 

74.87 

74.87 

74.92 

74.93 

74.97 

74.97 

76.09 

75.09 

75.3 

75.3 

75.94 

75.94 

76.4 

76.4 

93 
92.6 
97.7 
97.7 
110.7 
113.6 
120.8 
120.2 
124.3 
126.0 
139.1 
140.1 
146.5 
160 
166.7 
165.4 
187 
182.7 

107.8 

107.3 

113.4 

113.4 

128.3 

131.7 

140 

139.3 

144.1 

146.7 

161.2 

162.4 

160.8 

173.8 

193.2 

191.7 

216.8 

211.7 

69.3 

69.6 

65.9 

05.9 

68.3 

66.8 

53  5 

5;V7 

52 

51 

46.5 

46.2 

44.4 

43.8 

39.3 

89.6 

85.2 

86.1 

117 

10 , 

16 

139 

15 

20 

147 

20 

25 

26 

30 

80 

?j:j 

36 

2.V. 

85 

40.'. 

40 

900 

45 

45 

36H 

50 

60 

372 

HOOD.] 
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Figures  from  ^/kAmcn  tests  of  4'inch  Mark  pump;  stroke,  13,91  tnc/i^s— Continued. 

lilPT,  17.83  PBET. 


Speed. 

Die 
charge 

per 
stroke. 

Poot- 

pounds 

or  useful 

work. 

Averse 

pull  on 

rod. 

Poot- 
pounds 
of  work 

given 
to  rod. 

Mechan- 
ical effi- 
ciency. 

Maxi- 
mum 
pull  on 
rod. 

10 

Pounds. 
6.146 
6.146 
6.148 
6.148 
6.152 
6.162 
6.156 
6.156 
•  6.16 
6.16 
6.17 
6.17 
6.102 
6.192 
6.24 
6.24 
6.28 
6.28 

100.6 

100.6 

100.6 

109.6 

109.7 

100.7 

100.8 

100.8 

100.8 

109.8 

110 

110 

110.4 

110.4 

111.3 

111.3 

112 

112 

Pcunda. 
119.5 
121.5 
126.1 
130.5 
139 
136.7 
137 
148.7 
162.9 
175.1 
183.5 
175.6 
184.8 
189.4 
211.8 
213.7 
230.5 
267.5 

130 

140.9 

146.1 

151.3 

161.1 

157.3 

158.8 

172.4 

188.8 

202.9 

212.6 

2U6.3 

213.6 

219.6 

245.5 

248.7 

2n.6 

298.4 

Per  cent. 
79.1 
77.8 
75 
72.4 
68 
60.7 
69.1 
63.7 
58.1 
54.1 
51.7 
62.8 
51.7 
60.3 
45.3 
44.9 
40.3 
87.5 

PouwU. 
210 

10 

15 

15 

20 

20 

225 

25 

264 

25 

270 

80 

ao 

375 
411 

35 

432 

35 

420 

40 

40 

489 

45 

655 

45 

50 

50 

684 

LIPT»  24^2  PBET. 


10 

6.146 

6.146 

6.146 

6.148 

6.148 

6.152 

6.152 

6.156 

6.156 

6.16 

6.16 

6.17 

6.17 

6.192 

6.192 

6.24 

6.24 

6.24 

6.24 

6.28 

6.28 

148.7 

148.7 

148.7 

148.8 

148.8 

148.9 

148.9 

149 

149 

149.1 

149.1 

149.3 

149.3 

149.8 

149.8 

151 

151 

151 

151 

152 

152 

150 

157.2 

147.4 

156.5 

156.5 

161.1 

161.1 

177.3 

174.7 

188.8 

191.4 

215.3 

200.4 

262.7 

244.6 

243.6 

242.4 

J?75.8 

257.5 

267.2 

274.7 

178.8 

182.2 

170.8 

181.4 

181.4 

186.7 

186.7 

206.5 

202.5 

218.8 

221.8 

249.5 

232.3 

304.4 

283.5 

282.3 

281 

819.6 

298.4 

300.5 

318.4 

85.5 

81.6 

87 

82 

82 

79.7 

79.7 

T2.5 

73.6 

68.1 

67.2 

59.8 

64.2 

49.2 

62.8 

53.5 

63.7 

47.2 

50.6 

49 

47.7 

228 

10 

284 

10 

225 

15 

266 

15 

258 

20 

285 

20 

285 

25 

848 

25 

845 

ao 

447 

30 

471 

35 

658 

36 

601 

40 

720 

40 

669 

45 

665 

45 

640 

45 

45 

760 

50 

775 

60 

776 

LIFT,  8ai7  PEBT. 


10 

6.146 

6.146 

6.148 

6.148 

6.152 

6.152 

6.156 

6.156 

6.16 

6.16 

6.17 

6.17 

6.192 

6.102 

6.24 

6.24 

185.4 
185.4 
185.5 
185.5 
185.6 
185.6 
185.7 
185.7 
186.8 
185.8 
186.1 
186.1 
186.8 
186.8 
188.2 
188.2 

195.6 

191.3 

108.9 

200 

206.7 

206.7 

206.9 

211 

235.9 

234.8 

255.4 

257.6 

260.8 

265.1 

283.4 

288.8 

226.7 

221.7 

230.5 

231 

239.6 

230.6 

242 

244.6 

273.4 

272.2 

296 

298.5 

302.8 

307.3 

328.5 

384.7 

81.7 

83.6 

80.4 

80 

77.4 

77.4 

76.7 

75.9 

67.9 

68.2 

62.8 

62.3 

61.8 

60.8 

57.8 

56.2 

800 

10 

805 

15 

860 

15 

845 

20 

380 

20 

890 

25 

410 

25 

410 

30   

535 

30 

535 

35 

660 

35 

675 

40 

675 

40 

700 

45 

830 

45 

820 

40 


TESTS   OF   PUMPS   AND   WATER   LIFTS. 


[no.  14. 


Figures  from  ^fieiency  tests  of  j^-inch  Mark  pump;  stroke,  13^91  tnMe»— OmtiimecL 

LIFT,  aai7  FEET. 
[Pump  heavily  weighted.] 


Speed. 


10 
10 
15 
15 
20 
20 
25 
25 

ao 
ao 

35 
85 
40 
40 
45 
45 
50 


Dis- 
charge 

per 
stroke. 

Foot- 
pounds 
of  useful 
work. 

Average 

pull  on 

rod. 

Foot- 
pounds 
of  work 

given 
to  rod. 

Pound9. 

Pounds. 

6.16 

185.8 

195.9 

227 

6.16 

185.8 

194.8 

225.8 

6.192 

186.8 

204.3 

236.8 

6.192 

186.8 

203.2 

235.6 

6.196 

186.9 

216.3 

260.7 

6.196 

186.9 

fas 

246.9 

6.198 

137 

22Z.S 

258.2 

6.198 

187 

220.6 

255.7 

6.204 

187.2 

240.  a 

278.5 

6.204 

187.2 

245.7 

284.7 

6.23 

187.9 

248.9 

288.5 

6.23 

187.9 

254.3 

294.7 

6.34 

191.2 

281.2 

326 

6.34 

.  191.2 

285.5 

330.9 

6.58 

197.6 

818.7 

380.4 

6.58 

197.6 

314.1 

364 

6.744 

208.5 

856.8 

418.6 

Mechan-I    ^I**^- 
ical  effl- 1  „°\Y^ 
ciency.  '  P"^*^ 


rod. 


Percent. 
81.8 
82.3 
78.8 
79.3 
74.5 
76.7 
73.4 
72.7 
67.2 
66.7 
66.1 


f».7 
68.6 
67.8 
63.7 
64.5 
49.2 


Pounds. 
815 

ao5 

aso 

860 
410 
415 
«90 
480 
675 
585 
620 
615 
730 
755 
880 
845 
1,000 


LIFT,  36.8  FEET. 
[Pump  heavily  weighted.] 


10 

10 

15 

16 

20 

20 

26 

25 

80 

80 

85 

85 , 

40 

40 

45...  

46 

60 

50 

60 

50 

50 


6.16 

223.6 

244.6 

283.5 

78,9 

6.16 

223.6 

245.6 

284.7 

78.5 

6.192 

224.8 

258.3 

293.5 

76.6 

6.192 

224.8 

256.5 

297.3 

75.6 

6.196 

224.0 

263 

304.8 

73.8 

6.196 

224.9 

259.7 

801 

74.7 

6.196 

225 

272.7 

316.1 

71.1 

6.198 

225 

273,8 

317.8 

70.9 

6.204 

225.2 

287.7 

888.5 

67.5 

6.204 

225.2 

206.3 

343.4 

65.5 

6.23 

226.1 

807.9 

356.9 

63.3 

6.23 

226.1 

806.9 

365.7 

63.6 

6.34 

230.2 

335.8 

389.3 

68.1 

6.34 

230.2 

343.3 

898 

67.8 

6.584 

239 

360.5 

417.9 

57.2 

6.584 

239 

367 

435.8 

54.9 

6.744 

244.8 

418  5 

485 

60.4 

6.744 

244.8 

391.6 

453.9 

63.9 

6.744 

244.8 

403.4 

467.6 

52.3 

6.744 

244.8 

403.4 

467.6 

62.3 

6.744 

244.8 

409.9 

475.1 

51.5 

8S5 

850 

415 

440 

465 

465 

660 

570 

680 

700 

760 

760 

875 

825 

925 

085 

1,086 

1,000 

1,050 

1,006 

1.000 


Plotted  averages  of  discharge  per  stroke,  suction  test  of  J^-inch  Mark  pump. 


Discharge,  in  pounds,  per  stroke. 

Speed. 

Total  lift, 

38  feet; 

suction  lift, 

30.85  feet. 

Total  lift, 

87.96  feet: 

suction  lift, 

24.77  feet. 

Total  lift, 

38  feet: 

suction  lift, 

18.77  feet. 

Total  lift, 

87.96  feet: 

suction  lift, 

12.77  feet. 

Total  lift, 

87.92  feet: 

suction  lift, 

6.73  feet. 

Total  lift, 

37.92  feet; 

suction  lift, 

0.6  foot 

10 

185.5 

172.5 

79.6 

25.5 

7.6 

6.11 
6.154 
6.15 
5.996 

6.rao 

6.21 

6.226 

6.23 

6.284 

6.256 

6.46 

6.024 

6.16 

6.168 

6.176 

6.184 

6.192 

6.2 

6.266 

6.754 

6.78 

6.13 

6.16 

6.168 

6.174 

6.178 

6.184 

6.250 

6.56 

6.68 

6  14 

16 

6  15 

20 

6  156 

25 

6  16 

80 

fi  1A( 

85 

fi  184 

40 

6  84 

45 

6  5SA 

60 

6  70ft 
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Discharges  of  j^nch  Mark  pump  at  various  sudion  lifts  and  speeds* 


Discharge,  in  poniids,  for  50  strokeB. 

Speed. 

Total  lift, 
88  feel; 
BTiction 

llft,aa86 
feet. 

Total  lift, 
87.96  feet; 

SQCtioU 

lift,  24.77 
feet 

Total  lift, 
88  feet; 
suction 

Uft,  18.77 
feet. 

Total  lift, 

87.06  feet; 

suction 

lift,  12.77 

feet. 

Total  lift, 

87.02  feet, 

suction 

lift,  6.78 

feet. 

Total  lift, 

38.06  feet; 

suction 

lift,  0.6 

foot 

10 

186.6 

806 
805 

810.6 

805 

806.5 

806.5 

200.6 

800 

200 

283.5 

811.5 

800.5 

811 

812 

812.5 

310 

313 

811 

812.6 

818 

823 

888 

801.5 

801 

806. 6 

807.5 

806.5 

809.5 

807.6 

810 

810.5 

800 

806 

809 

811 

80O 

812.6 

814 

H87.6 

886 

340 

836 

806.5 

806.5 

807.5 

806.5 

800 

800.5 

806. 5 

806.5 

800 

800 

809.5 

300 

312.6 

806.6 
807.6 
807 

10 

16 

172.6 

15 

aoR 

80 

70.5 

806.5 
807 

20 

25 

26.6 

807 

26 

800  6 

ao 

7.6 

806 

ao 

807 

86 

811  6 

86 

807 

40 

818.5 

40 

818  6 

46 

328 

46 

60 

0 

834 

881  6 

60 

889 

Figures  from  suction  test  of  4rin6h  Mark  pump, 

TOTAL  LIFT,  88.06  FEET;  SUCTION  LIFT,  0.6  FOOT. 


Speed. 


10 
10 
15 
15 
20 
20 
20 
26 
26 
80 
80 
85 
85 
40 
40 
45 
45 
60 
60 


Dis- 
charge 

per 
stroke. 


Pounds. 
6.14 
6.14 
6.16 
6.15 
6.166 
6.166 
6.166 
6.16 
6.16 
6.164 
6.164 
6.184 
6.184 
6.34 
6.34 
6.656 
6.566 
6.706 
6.706 


Foot- 

iwunds 

of  useful 

work. 


283.8 
288.8 
284.2 
234.2 
286.4 
235.4 
286.4 
236.5 
235.5 
235.7 
236.7 
285.6 
286.6 
241.4 
241.4 
240.6 
249.6 
256.4 
266.4 


Average 

pull  on 

rod. 


Pounds. 
263.3 
266.6 
257.7 
267.7 
283.1 
267.5 
264.2 
275.1 
276.1 
297.8 
816.8 
882.8 
340.2 
860.8 
868 
894 
390.7 
415.6 
418.8 


Foot- 
pounds 
of  work 
givoito 

rod. 


208.6 

297.4 

296.6 

206.6 

804.9 

810 

806.2 

818.8 

820 

846.2 

866.6 

874.2 

804.8 

416.4 

426.6 

466.6 

462.8 

481.7 

486.4 


Mechan- 
ical effi- 
ciency. 


Ptrotnt. 
79.6 
78.6 
78.4 
78.4 
76.8 
75.6 
76.6 
73.5 
78.3 
68 
64 

62.9 
59.7 
67.9 
66.6 
64.6 
66.1 
63 
62.6 


Maxi- 
mum 
pull  on 
rod. 


Pounds. 
860 
870 

aoo 

400 
400 
470 
470 
680 
680 
710 
700 
780 
860 
010 
920 
090 
1.000 
1.0R0 
1,080 


TOTAL  LIFT.  87.92  FEET;  SUCTION  LIFT,  6.73  FEET. 


10 

6.18 

6.18 

6.16 

6.16 

6.168 

6.168 

6.174 

6.174 

6.178 

6.178 

0.184 

6.184 

6.25 

6.26 

6.66 

6.66 

6.68 

6.68 

232.4 

232.4 

283.6 

233.6 

233.9 

233.9 

284.1 

234.1 

234.2 

284.2 

284.6 

284.5 

237 

887 

248.8 

248.8 

263.3 

253.3 

246.1 
248.5 
266.6 
265.6 
266.4 
270.7 
287.1 
292.6 
802.2 
815.2 
882.2 
882.2 
869.9 
881.5 
422.4 
404.1 
468.8 
472 

284 

282.2 

297.8 

296.1 

808.7 

813.8 

332.8 

339.1 

850.2 

866.8 

365.1 

3R6.1 

416.9 

442.1 

489.6 

466.3 

543.3 

547.1 

81.8 

88.8 

78.6 

78.9 

76.7 

74.6 

70.3 

69 

66.9 

64.1 

60.9 

60.9 

56.8 

63.6 

60.8 

53.1 

46.6 

46.3 

880 

30 

876 

15 

486 

16 

486 

20 

490 

20 

605 

25 

686 

26 

680 

ao 

600 

30 

720 

35 

786 

as 

800 

40 

870 

40 : 

060 

45 

1,006 

45 

960 

50 

1,100 

50 

1,050 
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Figures  from  suction  teat  of  J^inch  Mark  pump — Gontinned. 

TOTAL  LIFT,  87.96  PEET;  SUCTION  LIFT,  12.77  FEET. 


Speed. 

Dis- 
charge 

per 
stroke. 

Poot- 
poands 
ofusefnl 

work. 

Avenge 

pnllen 

rod. 

Poot- 

pounds 

of  work 

giyen  to 

rod. 

Mechan- 
ical effi- 
dency. 

Maxi 

mnm 

pnll  on 

rod- 

10 

Pounds. 
6.16 
6.16 
6.168 
6.168 
6.176 
6.176 
6.184 
6.184 
6.192 
6.192 
6.2 
6.2 
6.266 
6.754 
6.754 
6.754 
6.754 
6.78 
6.78 

283.8 

283.8 

234 

234 

218.8 

218.8 

234.7 

284.7 

236 

235 

236.4 

285.4 

237.9 

2664 

266.4 

256.4 

2SG.4 

257.4 

257.4 

Pounda. 
254.4 
262.2 
256 
260.4 
263.1 
264.2 
277.3 
282.8 
801.3 
299.1 
819.6 
818.5 
894.6 
414.1 
407.6 
489.1 
430.4 
481.8 
443.7 

284.8 

202.8 

206.7 

801.8 

804.9 

806.2 

821.4 

827.7 

849.2 

846.7 

870.4 

869.1 

457.8 

480 

472.4 

508.9 

488.9 

600.5 

514.8 

Percent. 
79.8 
80 
78.9 
77.5 
76.8 
76.5 
78 
71.6 
67.8 
67.8 
63.6 
63.7 
52 
58.4 
54.2 
60.8 
51.4 
51.4 
60 

PoundB. 
370 

10 

380 

16 

410 

16 

410 

20 

4eo 

20 

440 

25 

560 

25 

600 

80 

050 

80 

640 

85 

715 

85 

705 

40 

915 

45 

e85 

45 

885 

45 

46 

50 

60 

1,000 

TOTAL  LIFT,  88  FEET;  SUCTION  LIFT,  18.77  PEET. 


10 

10 

15 

15 

20 

20 

25 

26 

30 

80 V 

30 

35 

36 

40 

40 

40 

40 


6.21 

236 

238.1 

277.1 

85.1 

6.21 

236 

241.2 

279.6 

84.4 

6.226 

286.6 

254.4 

294.8 

80.2 

6.226 

286.6 

260 

289.8 

81.6 

6.28 

236.7 

268.5 

811.2 

76 

6.23 

236.7 

264.1 

806.1 

77.8 

6.234 

236.9 

271.7 

a  4.9 
3  4.9 

75.2 

6.234 

236.9 

271.7 

75.2 

6.256 

237.7 

802.2 

aiO.2 

67.8 

6.266 

237.7 

802.2 

360.2 

67.8 

6.256 

237.7 

808.8 

352.1 

07.5 

6.46 

245.5 

3B0.2 

405.9 

00.4 

6.46 

246.6 

840.5 

894.7 

02.2 

6.024 

225.7 

865.7 

423.9 

54 

6.024 

225.7 

865.9 

422.1 

65.5 

6.024 

225.7 

364.6 

422.6 

64.1 

6.024 

225.7 

864.6 

422.6 

Ml 

TOTAL  LIFT,  37.96  FEET;  SUCTION  LIFT,  24.77  PEET. 


TOTAL  LIFT,  88  FEET;  SUCTION  LIFT,  80.86  PEET. 


10 

8.71 

8.n 

8.45 

3.45 

1.50 

1.59 

.510 

.516 

.14 

.14 

141 

141 

181.1 

181.1 
00.4 
00.4 
19.6 
19.6 
6.32 
5.32 

178.8 

10 

178.8 

15 , 

165.2 

15 

175 

20 

116.8 

20 '. 

125 

25 '.". ::: 

86 

25 

102  6 

30 "".::i".'.".:::::: 

100.8 

30 

81  1 

810 
825 


885 
4^ 
440 
485 
490 
650 
555 
670 
925 
765 
830 


879 


10 i 

6.11 

6.11 

6.154 

6.154 

6.15 

6.15 

6.15 

6.15 

6.15 

5.996 

5.996 

5.996 

6.996 

6.996 

6.ra 

5.73 

281.9 
231.9 
283.6 
233.6 
233.6 
233.5 
233.5 
233.5 
233.5 
227.6 
227.6 
227.6 
227.6 
227.6 
218.7 
218.7 

240.1 

241.2 

250 

248.9 

258.7 

268.4 

268.5 

278.8 

268.8 

281.7 

291.5 

286 

287.1 

282.8 

279.6 

270.7 

278.8 

279.6 

288.8 

288.5 

299.9 

811.1 

812.8 

817.4 

801.1 

838 

337.8 

881.5 

882.8 

838.8 

828.8 

813.8 

83.3 

tJ2.8 

80.6 

80.8 

77.8 

75 

74.7 

73.5 

77.5 

67.3 

67.8 

68.6 

68.4 

67 

65.8 

68.1 

290 

10 

285 

15 

310 

15 

305 

20 

345 

20 

365 

20 

370 

20 

875 

20 

345 

25 

425 

25 

600 

25 

415 

25 

uBn 

25 

405 

80 

585 

80 

475 

206.6 

68.2 

265 

206.6 

68.2 

286 

181.5 

68.4 

266 

202.8 

64.6 

266 

136.4 

44.6 

270 

144.8 

41.7 

27(k 

118.8 

17.21 

270 

118.8 

16.4 

276 

127.2 

4.1 

286 

84 

6.6 

296 

EPFICIENCT  OF  POMPS. 


FRIZELL  PUMP. 


Fig.  23  represents  a  piston  pump  having  a  valve  chamber  Burronnd- 
ing  the  cylinder,  and  containing  eight  email  clack  dischai^e  valves. 


The  suction  valve  is  a  heavy  disk  valve,  playing  in  a  special  suction 
chamber,  guided  at  its  circumference,  and  not  limited  in  its  rise.     It 


44 


TESTS  OF  PUMPS   AND   WATER  LIFTS. 


[Ha  14. 


is  arranged  to  withdraw  through  the  cylinder  if  necessary.     On  the 
upstroke  water  is  drawn  into  the  cylinder  through  the  suction  valve; 


I2B 


i 

r 

I 
-9 


£ 


12.3 


122 


- 

^ 

*■ 

' 

'^ 

10  15  20  25  30  30  40         45  50 

^rokai  per  mInaU.    Stroke,  14.1 1  Inchei. 

Fio.  21— Discharge  curve  of  d-lnch  Frisell  pomp. 


55 


on  the  downstroke  this  water  is  forced  through  the  delivery  valves 
into  the  si>ace  above  the  piston,  and  is  lifted  on  the  next  upstroke. 


36 — «r 

strikes  per  mlanto.    Stroke,  14. 1 1  Inchei. 

FiO.25.— Varying^fflciency  curves  of  6-inch  Frizell  pump,  showing  effect  of  varying  height  of 

lift  and  speed. 

The  suction-valve  area  is  59^  per  cent  of  the  cylinder  area;  the  cylin- 
der diameter,  5.74  inches;  the  upper  valve  seat  area,  29.7  inches,  or 
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3.8  inches  more  than  the  cylinder  area;  the  weight  of  the  pump,  270 
{)OTmd8,  and  the  weight  of  piston,  rod,  etc.,  62  x>ound8.  This  pump 
was  designed  esx>ecially  for  irrigation  purposes,  and  is  known  as  the 
"Frizell"  pump.  It  is  remarkable  for  its  sustained  efficiency  at  high 
speeds.  So  far  as  tested  the  speed  was  limited  only  by  the  ability  of 
connections  to  stand  the  work.  Fig.  24  gives  the  discharge  per  stroke, 
which  reaches  a  maximum  of  95^  x>^r  cent  of  the  geometrical  displace- 
ment.   Fig.  25  shows  efficiency  curves  for  five  lifts.    The  small  dif- 


IS  ZO         25 

Hoiglii  of  llfl»  ill  fleet. 

Fio.SfL— Varistioii  of  efficiency  with  Tarying  height  of  lift  of  6-inoh 
FrizeU  pomp  at  speed  of  SO  strokes  per  mlnnte. 

f erence  of  efficiency  at  different  speeds  is  due  to  the  employment  of 
large  valve  areas  and  small  quick-closing,  valves.  Fig.  26  shows  that 
efficiency  varies  with  the  lift,  being  at  its  best  probably  at  about  25 
feet.     The  tables  present  the  details  of  the  tests. 

jjiacharge  of  e-inch  Frizdl  pump  at  various  lifts  and  speeds. 


10. 
10. 

15. 

15. 

ao. 
ao- 

25. 
25. 

ao. 

30. 
35. 
35. 
40. 
40. 
45. 
45. 
50- 
50. 
SO. 
56. 
55. 
60. 
00. 


Speed. 


Discharge  In 

30  strokes,  lift 

7.66  feet. 


878 

877 

877 

879 

877 

878^ 

882 


875 

879 

874 

-       871 

879 

875i 

874 

873 

8774-878 

880-879 

8714-374 

863 

871-870 

872 

371  -371 


Discharge  in 

80  strokes,  lift 

12.66  feet. 


367 


371 

8n 

8784 

8724 

870 

370 

3664 

360 

871 

365 

870 

3654 

3654 

367 

372 

864 


364 
360 
361 
357 


Discharge  in 

80  strokes,  lift 

82.75  feet 


877 
878 

880 

3884 

3814 


880 


3814 

876 

8774 

8744 

379 

3744 

376 

378 

8704 


Plotted  ay- 

eragee 
per  stroke. 


12.50 

'ii'Si 


12.57 
'J2.'66 


12.52 
'i2.'47 


12.44 
"i2.'40 
'ii~36 


12.80 
'i2.'22 
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Figures  from  ejjlderwy  teats  of  G-inch  Frizell  pump;  stroke,  19,^  inches, 

LIFT,  7.86  FEET. 


Speed. 


10 
10 
15 
15 
20 
20 
26 
26 
30 
30 
36 
35 
40 
40 
45 
45 
50 
60 
66 
65 
60 
60 


Dis- 
charge 

per 
stroke. 


Pounds. 
12.60 
12.50 
12.56 
12.56 
12.57 
12.67 
12.55 
12.65 
12.62 
12.62 
VtAl 
12.47 
12.44 
12.44 
12.40 
12.40 
12.36 
12.36 
12.30 
12.30 
•12.22 
12.22 


Foot- 

poands 

of  useful 

work. 


95.75 
95.75 
96.21 
96.21 
96.28 
96.28 
96.13 
96.13 
95.90 
95.90 
95.52 
95.52 
95.29 
95.29 
94.98 
94.98 
94.68 
94.68 
94.22 
94.22 
93.60 
93.60 


Average 

pull  on 

rod. 


Pounds, 
108.37 
111.70 
124.45 
127.65 
124.45 
123.40 
122.35 
122.88 
123.40 
121.30 
121.30 
125.63 
126.63 
125.68 
125.53 
124.46 
126.66 
128.16 
128.16 
128.16 
128.16 
129.26 


Foot- 
pounds 
of  work 
given  to 
rod. 


124. 
131. 
146. 
160. 
146. 
145. 
143. 
144. 
145. 
142. 
142. 
147. 
147. 
147. 
147. 
146. 
148. 
160. 
150. 
150. 
160. 
152 


11 
36 
35 
12 

a5 

12 
88 
50 
12 
65 
65 
61 
61 
61 
61 
35 
84 
72 
72 
72 
72 


Mechan- 
ical effi- 
ciency. 


Percent. 
77.1 
72.8 
66.4 
64.1 
65.7 
66.3 
66.8 
66.5 
66 
67.2 
66.9 
64.7 
64.5 
64.5 
64.3 
64.9 
63.6 
62.8 
62.5 
62.6 
62.1 
61.6 


Maxi- 

znum 

tension 

on  rod. 


Pounds. 


800 


Mini- 
mum 
tension 
on  rod. 


Pounds. 


-30 


] 

LIFT,  12.66  FEET. 

10 

12.60 
12.50 
12.66 
12.56 
12.57 
12.67 
12.56 
12.56 
12.62 
12.62 
12.47 
12.47 
12.44 
12.44 
12.40 
12.40 
12.36 
12.36 
12.30 
12.30 
12.22 
12.22 

168.26 

158.25 

159 

169 

169.14 

159.14 

158.98 

158.96 

158.50 

168.50 

157.86 

157.86 

157.49 

157.49 

166.96 

156.98 

156.68 

166.68 

165.72 

156.72 

154.70 

154.70 

191.45 
192.80 
186.96 
187.75 
181.40 
189.35 
187.20 
188.56 
192.80 
191.45 
191.45 
191.45 
189.35 
191.45 
190.65 
185.10 
187.70 
194.44 
188.65 
188.55 
192.80 
180.35 

225.15 
226.70 
220.25 
220.79 
213.33 
228.67 
220.15 
221.74 
226.73 
226.15 
225.15 
225.15 
222.67 
225.15 
224.21 
217.68 
219.15 
228.66 
221.74 
221.74 
226.73 
222.67 

70.8 

69.8 

72.1 

72 

74.6 

71.4 

72.2 

71.7 

69.9 

70.8 

70.1 

70.1 

70.7 

60.9 

70 

72.1 

75.9 

68.4 

70.2 

70.2 

68.2 

69.4 

300 

65 

10   ....: 

15 

310 

40 

15    

20           

20                  

25 

26       

30           

30 

35      

35           

40 

40 

750 
760 

—75 

45 

-80 

45                  

50 

50 

56 

850 

—70 

66 

60      

60 

LIFT,  22.66  FEET. 


10 

12.60 
12.60 
12.66 
12.66 
12.57 
12.67 
12.65 
12.66 
12.52 
12.52 
12.47 
12.47 
12.44 
12.44 
12.40 
12.40 
12.36 
12.36 
12.30 
12.30 
12.22 
12.22 

2B3.25 
283.25 
284.61 
284.61 
284.84 
284.84 
284.38 
284.38 
283.70 
283.70 
282.56 
282.56 
281.89 
281.89 
280.98 
280.98 
280.08 
280.08 
278.  ?2 
278.72 
276.90 
276.90 

277.50 

326.34 

86.7 

80.6 

86.4 

87.2 

87.3 

87.3 

85.6 

86.2 

86.3 

84.4 

82.6 

81.3 

81 

82.3 

81.8 

84.6 

80.9 

80.6 

81.1 

81.4 

81.1 

79.4 

410 

60 

10             

15               

279.65 
277.50 
277.60 
277.60 
282.70 
280.60 
282.70 
284.80 
291.10 
295.35 
206.36 
291.10 
291.10 
284.80 
294.40 
295.35 
282.10 
291.10 
290.25 
296.20 

328.87 
326.34 
326.34 
326.34 
332.  a5 
329.98 
332.35 
334.92 
312.33 
347.33 
347.33 
342.33 
342.33 
]fi)2.12 
846.12 
847.33 
843.30 
342.33 
341.34 
848.38 

15         

20                 

20             

25                

26  .             

30 

600 

—85 

30    

36 

36 

40 

770 

—85 

40 

45 

45 

930 
926 

—50 

50 

—100 

60 

66 

66 

1.060 

100 

60 

00 
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Figures  from  efficiency  tests  of  6-inch  FrizeU  pump;  stroke,  19  J  inches — Continued. 

LIFT,  32.75  FEET. 


Speed. 

Dis- 
cbATge 

per 
stroke. 

Foot- 
pounds 
of  useful 
work. 

Average 

pull  on 

rod. 

Foot- 
pounds 
of  work 
given  to 

rod. 

Mechan- 
ical  effi- 
ciency. 

Maxi- 
mum 
tension 
on  rod. 

Mini- 
mum 
tension 
on  rod. 

10 

12.50 
12.60 
12.66 
12.66 
12.57 
12.57 
12.56 
12.55 
12.62 
12.52 
12.47 
12.47 
12.44 
12.44 
12.40 
12.40 
12.36 
12.36 

400.38 
400.38 
411.34 
411.34 
4S2.06 
422.06 
421.41 
421.41 
420.43 
420. 4S 
408.39 
408.30 
407.41 
407.41 
406.10 
406.10 
404.70 
404.79 

Pcmnds. 
435.38 
431.25 
441.60 
444.90 
440.40 
441.60 
429 
436.38 
425.85 
431.25 
424.42 
424.42 
490.80 
435.06 
426.20 
419.47 
425.20 
425.20 

512 

607.15 

619.32 

523.20 

617.91 

601.32 

604.50 

512 

500.00 

607.15 

480.12 

490.12 

506.62 

510.42 

600.04 

403.20 

600.04 

500.04 

Per  cent. 
81.3 
80.7 
79.2 
78.6 
81.5 
81.7 
83.5 
82.1 
83.0 
82.0 
81.8 
81.8 
81.3 
79.8 
81.1 
82.9 
80.9 
80.0 

Pounds. 

Pounds. 

10 

15 

15 

ao 

30 

25 

25 

30 

720 

—90 

30 

36 

35 

40 

40 

1,060 
1,027.5 

—97.5 

45 

90 

45 

SO 

50 

1,260 

—60 

LIFT,  87.75  FEET. 


10 

12.60 
12.60 
12.66 
12.66 
12.67 
12.57 
12.56 
12.65 
12.62 
12.62 
12.47 
12.47 
12.44 
12.44 
12.40 

471.87 
4n.87 
474.14 
474.14 
474.52 
474.62 
478.76 
473.76 
472.63 
472.63 
470.74 
470.74 
460.61 
460.61 
468.10 

484.25 

484.87 

478.72 

475.50 

476.62 

479.77 

493.62 

486.22 

483 

496.75 

492.62 

483 

489.38 

486.22 

486.22 

573.97 

666.68 

562.97 

669.19 

660.40 

664.21 

579.20 

561.79 

668 

583 

679.20 

668 

575.51 

571.79 

571.79 

82.2 

83.2 

85.3 

84.7 

84.6 

84.1 

81.7 

84.8 

83.2 

81 

81.2 

82.8 

81.6 

82.3 

81.9 

10 

15 

15 

20 

20  

25  

750 

0 

26 

30  

30  

35  

35 

1,020 

-67.5 

40  

40 

1,006 

—67.5 

46          

48  TESTS   OP   PUMPS   AHD   WATER   LIFTS.  lso.14. 

Iq  the  emaller  size  of  this  same  make,  fig.  27,  a  single  butterfly  valve 
in  the  pistoD  replaces  the  several  small  clack  valves.     The  cylinder  is 


Pio.  jr.— Vertlcml  BOcUon  o(  Frizell  crlloder  with  bntWrfly  T»l»e. 

brass-lined,  is  3. 73  inches  in  diameter,  and  has  a  24-inch  stroke.     The 
valve  area  in  the  piston  ia  37.i  per  cent  of  the  cylinder  area;  the  sue- 
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tlon  valve,  S6  per  cent;  the  weight  of  the  pnmp,  57|  pounds^  and  the 
weight  of  piston,  rod,  ete.,  39^  pounds.     Fig.  28  shows  a  discharge 


BOOD.] 


FRIZELL   PUMP. 


49 


attaining  to  100  per  cent  at  speeds  ranging  from  25  to  40  strokes  per 
minute.  Fig.  29  shows  the  efficiency  at  six  different  lifts.  The  sus- 
tained efficiency  of  this  pump  is  noticeable.  In  fig.  30  increase  of 
efficiency  with  increase  of  lift  appears.  This  pump  is  much  used  in 
Kansas  for  irrigation. 


lOOi 


to 


IS 


80  25  36  3S  ^O 

Strokus  per  mtaato.    Stroke,  83.1  incbea. 


^5 


SO 


PlO.  29. — ^Varying-efflclency  carvee  of  4-inch  Frizell  pump,  showing  effect  of  varying  height  of 

"ift  and  speed. 
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TESTS   OP  PUMPS  AND   WATER   LIFTS. 


[no.  U. 


lo 


15  ao         2$ 

Hei^btof  llft^infMt. 


30 


35 


^9 


Fio.  30.— Variation  of  efficiency  with  varying  height  of  lift  of  4-inch  Frizell  pump  at  speed  of  20 

strokes  per  minute. 


Discharges  of  4-inch  Frizdl  pump  at  variovLS  lifts  and  speeds;  stroke,  2S.7  inches. 


Speed. 

Discharge 

for  60 

strokes: 

lift,  24.8 

feet. 

Discharge 

for  60 

strokes; 

lift,  24.8 

feet. 

Discharge 

for  60 

strokes; 

lift,  37.8 

feet. 

Discharge 

for  30 

strokes; 

lift,  12.75 

feet. 

Discharge 

for  80 

strokes; 

lift,  6.54 

feet. 

Plotted 

average 

discharge 

I>er  stroke. 

10 

Pounds. 

Pounds. 
451.5 
457.5 
468.5 
464 
464.5 
464 
463.5 
463.5 
460 
465 
468 
468.5 
466.5 
466.5 
462.5 
465 
449.5 

Pounds. 
462 
466 
466 
468 
467 
468 
467 
467.5 
467 
467 
468 
466.5 
466 
467 
467.5 
467.5 
443 

Pounds. 
275.5 
275.5 
275.5 
275.5 
278 
278 
278.5 
278.5 
279.5 
279.5 
279.5 
281 
281 
280.5 
280.5 
280 
277.6 
279 
171 

Pounds, 
274 
27i 
277 
278.5 
281 
281.5 
280 
280 
279 
280 
281 
280.6 
284 
280 
280 
282 
279 
279 
263 
267 

9.168 

10 

15 

460 

9.25 

15 

20 

4fi5 

9.3QS 

20 

25 

467 

9.82S 

25 

30 

466 

9.334 

80 

35 

472 

9.34 

35 

40 

467 

9.42 

40 

45 

487 

9.332 

45 

50 

9.254 

50... 

55 

55 
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Figures  from  efficiency  tests  of  4rinch  Frizell  pump;  stroke,  23,7  inches. 

LIFT,  6.54  FEET. 


DpOOCl. 


10 
10 
15 
15 
20 
20 
25 
25 
30 
30 
35 
do 
40 
40 
45 
45 
50 
SO 
55 
55 


Dis- 
charge 

per 
stroke. 


Pounds. 
0.168 
0.168 
9.2502 
0.2502 
0.2724 
0.9724 
0.81 
0.31 
0.327 
0.327 
0.34 
9.34 
0.35 
0.35 
0.33 
0.33 
0.25 
0.26 
8.66 
8.66 


Poot- 

ponnds 

of  naefnl 

work. 


50.06 
50.06 
60.66 
60.56 
60.64 
60.64 
60.80 
60.80 
61.00 
61.00 
61.08 
61.08 
61.18 
61.18 
61.04 
61.04 
60.58 
60.63 
56.68 
56.68 


Average 

pnll  on 

rod. 


PoundB, 
70.38 
70.00 
70.16 
78.06 
84.31 
83.75 
77.01 
76.04 
76.66 

n.oi 

76.82 
77.08 
75.00 
75.00 
76.23 
76.65 
75.82 
78.75 
75.82 
76.41 


Foot- 
pounds 
of  work 

given 
to  rod. 


166.77 
158.01 
156.33 
166.04 
161.61 
166.41 
153.81 
150.18 
151.40 
153.87 
140.74 
162.23 
148.11 
148.11 
150.55 
151.38 
140.74 
156.50 
140.44 
148.00 


Mechan- 
ical effi- 
ciency. 


Percent. 

38.2 
37.0 
38.7 
38.8 
36.4 
36.6 
30.6 
40.5 
40.2 
30.0 
40.7 
40.0 
41.2 
41.2 
40.6 
40.3 
40.4 
.30.0 
37.8 
38.0 


Maxi- 
mum 
tension 
on  rod. 


Pounds, 
120 


Mini- 
mum 
tension 
on  rod. 


Pounds. 
83 


136 

9 

177 

0 

105 
201 

6 

-16 

253.6 

—  30 

3^ 

24 

222 

-30 

LIFT.  12.76  FEET. 


10 

0.168 
0.168 
0.26C 
0.260 
0.270 
0.270 
9.310 
0.310 
0.327 
0.327 
0.340 
0.340 
0.350 
0.350 
0.330 
0.330 
0.250 
9.250 
5.700 

116.89 
116.89 
118.05 
118.05 
118.22 
118.22 
118.  70 
118. 70 
118.91 
118.91 
119.08 
119.08 
119  17 
119. 17 
118.99 
118.99 
117.99 
117.99 
T2.67 

89.63 
87.07 
04.00 
08.20 
07.17 
06.77 
97.22 
96.60 
94.63 
97.80 
96.22 
96.45 
100.86 
100.70 
99.57 
101.40 

05.  n 

06.00 
99.30 

177.00 
171.97 
187.43 
198.11 
191.91 
180.24 
192.00 
100.78 
186.88 
184.82 
188.00 
100.78 
216.05 
196.88 
106.66 
200.26 
180.24 
101.54 
106.11 

66 
68 
63 
61 
61 
62 
62 
62 
63 
63 
63 
63 
54 
50 
60 
50 
62 
62 
37 

10    

15  

15    

30    

30 

25 

176 

30 

25 

30 

30 

35 

S 

250 

11.5 

40  

40 

45  

325 

—  11.5 

45  

50  

%0 

05 

50          

55     

375 

—  75 

LIFT,  18.8  FEET. 


10       

0.168 

0.168 
0.260 
9.260 
0.270 
0.270 
0.310 
0.310 
0.327 

0.340 
0.340 
9.350 
0.a50 
0.330 
0.330 
0.250 
0.260 
5.700 
6.700 
6.430 
6.430 

172.38 
172.36 
174.07 
174.07 

174.  ;e 

174.  JJ2 
175.08 
175.08 
175.35 
175.35 
175.59 
175.50 
175.86 
175.86 
175.46 
175.46 
1?J.98 
173.98 
107.16 
107.16 
102.14 
102.14 

136.75 
120.33 
135.21 
133.50 
130.05 
136.80 
148.32 
143.83 
139.47 
139.47 
141.00 
145.32 
146.64 
151.68 
150.42 
138.57 
154.62 
151.26 
150.42 
156.32 
159.72 
156.33 

250.33 
237.65 
267.04 
263.66 
274.62 
270.36 
202.93 
282.09 
275.45 
275.45 
280.25 
287.00 
289.61 
299.56 
207.08 
278.67 
305.37 
209.40 
207.08 
308.76 
316.36 
306.75 

60 
72 
65 
60 
63 
64 
60 
62 
63 
63 
64 
61 
61 
58 
50 
63 
56 
68 
36 
34 
82 
33 

180 

36 

10     

15        

15           

30         

ao 

25      

240 

24 

25       

30     

30          

35        

288 

3 

:^     

40        

336 

0 

in          

45  

360 

—   0 

45     

50     

406 

-30 

50 

^      ._ 

460 

-120 

55 

5« 

450 

-120 

rA          
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(NO.  14. 


Figures  from  efficiency  testa  ofi-inch  Frizell  pump;  stroke,  23^7  inches — Continned. 

LIFT,  24.8  FEET. 


Speed. 

Dis- 
charge 

per 
stroke 

Foot- 
pounds 
of  useful 
work. 

Average 

pull  on 

rod. 

Foot- 
pounds 
of  work 

given 
to  rod. 

Mechan- 
ical effi- 
ciency. 

Maxi- 
mum 
tension 
on  rod. 

Mini- 
mum 
tension 
on  rod. 

10 

Pottrnfo. 
9.168 
9.168 
.  9.260 
9.260 
9.270 
9.270 
9.810 
9.810 
9.827 
9.327 
9.840 
9.840 
9.350 
9.350 
9.880 
9.880 
9.250 

227.36 
327.36 
229.65 
229.65 
229.89 
229.89 
230.89 
280.89 
231.11 
231.11 
281.63 
281.63 
231.88 
231.88 
281.38 
281.38 
229.40 

Pound*. 
149.28 
147.48 
161.28 
155.01 
166.82 
156.66 
156.66 
164.14 
164.14 
152.46 
154.14 
162.48 
157.50 
158.73 
161.10 
158.73 
153.99 

294.82 
291.27 
8n.69 
306.06 
807.74 
309. 40 
309.40 
304.34 
304.32 
301.10 
304.42 
319.23 
811.24 
312.65 
319.00 
312.65 
304.13 

Per  cent. 
77.1 
78.0 
72.3 
75.3 
74.7 
74.3 
74.6 
75.8 
75.8 
76.7 
76.8 
72.5 
74.4 
74.1 
72.5 
74.0 
75.4 

Pimiidi. 

PowndB. 

10 

16    

16    

20     

20 . 

25 

25 

30 

348 

—  36 

SO 

35 

35 

40 

3B6 

24 

40 

46 

471 

-36 

46 

50 

LIFT,  30.75  FEET. 


lO-h 

9.168 

9.168 

9.168 

9.168 

9.26 

9.26 

9.27 

9.27 

9.31 

9.31 

9.327 

9.827 

9.34 

9.34 

9.35 

9.85 

9.33 

9.33 

9.25 

280.89 
280.89 
280.89 
280.89 
284.72 
284.72 
286.12 
285.12 
286.29 
286.29 
286.81 
286.81 
287.20 
287.20 
287.65 
287.'65 
286.98 
286.96 
284.58 

176.46 
175.05 
176.00 
167.60 
176.55 
176.55 
179.25 
181.15 
180.66 
184.85 
180.15 
177.35 
190.15 
185.90 
197.45 
196.60 
199.70 
198.25 
188.70 

34B.50 
345.70 
347.80 
331.00 
348.70 
348.70 
354.00 
357.80 
366.80 
365.10 
365.80 
360.30 
376.60 
367.20 
390.00 
392.20 
394.40 
381.70 
872.70 

80.5 
81.2 
80.7 
84.8 
81.6 
81.6 
80.5 
79.3 
80.2 
78.1 
80.6 
81.8 
76.4 
78.2 
73.7 
73.3 
72.7 
75.1 
76.3 

250 

15 

10+ 

io-.iii"i"-r.-..'.iir. 

240 

40 

10 

16 

16 

20 

280 

40 

20 

25 

25 

30 

370 

0 

30 

35 

425 

0 

35            

40 

490 

—  26 

40       

45 

540 

—    6 

45 

50 

590 

—125 

LIFT,  37.6  FEET. 


10 

9.168 

9.168 

9.26 

9.26 

9.27 

9.27 

9.81 

9.81 

9.827 

9.327 

9.34 

9.34 

9.85 

9.33 

9.33 

344.61 
344.61 
848.14 
348.14 
348.64 
348.64 
350.06 
3fi0.06 
350.70 
350.70 
351.18 
351.18 
351.73 
360.91 
350.91 

208.32 
206.32 
213.30 
211.56 
214.98 
220.74 
220.74 
218.94 
224.16 
225.18 
224.34 
231.00 
231.66 
229.56 
284.30 

411.35 
411.35 
421.26 
417.84 
424.58 
435.93 
435.98 
432.40 
442.70 
444.73 
443.07 
456.22 
467.36 
453.38 
462.89 

83 

88 

82 

88 

82 

80 

80 

81 

79.4 

78 

79 

77 

76 

77 

75 

10 

■ 

16 

275 

SO 

16 

20 

20 

• 

25 

300 

36 

25          

30 

30 

35 

410 

0 

35 

40         

48 

48 

This  pump  was  arranged  as  a  force  pump,  as  shown  in  fig.  1  (p.  12), 
and  tested  at  three  different  lifts,  as  shown  in  fig.  31.  At  a  lift  of 
about  24  feet  the  efficiency  is  seen  to  be  reduced  from  about  75  per 
cent  to  about  62  per  cent  upon  the  addition  of  a  stuffing  box  and  two 
turns  in  the  discharge  pipe.  This  drop  in  the  efficiency  exhibit-s  the 
harmful  effect  of  added  complications.  The  gland  was  carefuUj- 
made,  and  as  lightly  packed  as  possible,  to  prevent  leakage.     Adding 
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this  reduction  of  about  20  per  cent  to  the  efficiencies  fonnd  for  the  two 
high  lifts  of  47  and  70  feet,  respectively,  the  efficiency  of  the  pump 


10  15  aO  25  30  35  40  45 

8trok«i  p»r  nlniito.    Btroka,  8S.  T  IndMS. 

Fio.  8L— Efficiency  of  4- inch  pump  used  as  a  force  pump. 


when  used  as  a  simple  lift  pump,  as  in  the  first  trials,  is  brought  up 
to  the  neighborhood  of  80  per  cent. 

Figures  from  efficiency  tests  of  4-4nch  FrizeU  pumpj  used  as  a  force  pump  unth  a 

stuffing  box;  stroke,  2S,7  inches, 

LIFT,  24.3  FEET. 


Speed. 

Dis- 
charge 

per 
stroke. 

Foot- 
pounds 
of  useful 
work. 

Averagre 

pull  on 

rod. 

Foot- 
pounds 
of  work 
given  to 

rod. 

Mechan- 
ical effi- 
ciency. 

Maxi- 
mum 
tension 
on  rod. 

Mini- 
mum 
tension 
on  rod. 

10 

Pounda. 
9.168 
9.168 
9.260 
9.260 
9.270 

9.2ro 

9.310 
9.310 
9.327 
9.327 
9.340 
9.340 
9.360 
9.360 
9.330 
9.330 

222.48 
222.48 
225.02 
225.02 
225.26 
225.26 
226.32 
226.32 
226.60 
226.60 
227.12 
227.12 
229.66 
229.56 
224.60 
234.60 

Ptmndi. 
221.08 
225.62 
223.32 
218.88 
217. 76 
218.88 
211.08 
217.76 
217.66 
216.60 
221.08 
220.96 
217.68 
215.44 
215.44 
213.44 

486.68 
445.40 
44L06 
432.28 
430.07 
432.28 
416.88 
430.07 
429.66 
427.78 
436.63 
448.56 
449.08 
425.47 
425.47 
431.82 

Per  cent, 
51.2 
60 
58.2 
54.4 
62.8 
62.1 
64.2 
62.6 
62 
52.9 
62.1 
60.6 
61.1 
63.9 
62.8 
62.3 

PKm'tid». 

Pounds. 
24 

10 

15 

15 

20 

20 

25 

306 

—32 

25 

30 

876 

—88 

30 

35 

36 

40 

40 

45 

620 

—88 

45 

FYizell  4-inch  pump;  ftroke,  iiS.l  incJiea;  used  as  a  force  pump  arid  delivering  water 

against  air  pressure  equivalent  to  the  lift  noted, 

LIFT,  47.87  FEET. 


Speed. 

Dis- 
charge 

per 
stroke. 

Foot- 
pounds 
of  useful 
work. 

Average 

pull  on 

rod. 

Foot- 
pounds 
of  work 
given  to 

rod. 

Mechan- 
ical effi- 
ciency. 

Maxi- 
mum 
tension 
on  rod. 

Mini- 
mum 
tension 
on  rod. 

10       

Pounds. 
9.168 
9. 168 
9.26 
9.26 
9.27 
9.27 
9.31 
9.31 
9.327 
9.327 
9.34 
9.84 
9.35 
9.35 
9.88 
9.33 

434.29 
434.29 
438.60 
438.60 
439.21 
439.21 
441.01 
441.01 
441.82 
441.82 
442.44 
442.44 
442.90 
442.90 
441.96 
441.96 

Pounds. 
348.60 
369.60 
876.20 
360.80 
361.82 
860 
366.66 
360 
378.80 
383.58 
880.83 

885.44 
385.32 
402.24 
413.82 

605.78 

729.96 

734.66 

711.60 

713.61 

711 

724.16 

711 

747.14 

757.48 

751.15 

760.60 

761.23 

761 

794.34 

816.30 

Per  cent 
62.4 
60.4 
60.7 
61.6 
61.5 
61.7 
60.9 
62 
69.1 
68.8 
68.9 
68.9 
68.1 
68.2 
66.9 
54.1 

Pounds. 

Pounds. 

10     

15      

15     

30 

30-- 

444 

—  18 

26 

25 

30 

ao 

36   

686 

—108 

36 

40  

40   

45   

766 

—  90 

45 

54 


TESTS  OP   PUMPS  AND   WATER   LIFTS. 
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Frizell4'inch  pump;  stroke^  23.7  inches;  used  as  a  force  pump  and  delivering  uxUer 
against  air  pressure  equivalent  to  the  lift  noted — Continned. 

LIFT,  70.5  FEET. 


Speed. 


10 
10 
15 
15 

ao 

25 

80 
80 
85 
85 
40 
40 
45 
45 


Dis- 
charge 

per 
stroke.. 


Pounds. 
9.1flS 
9.168 

9.:» 

9.27 

9.27 

9.31 

9.81 

9.327 

9.327 

9.34 

9.34 

9.35 

9.35 

9.33 

9.33 


Foot- 
pounds 
of  useful 
work. 


646.34 
646.34 
662.83 
652.83 
653.54 
653.54 
656.86 
656.36 
657.55 
657.55 
668.47 
658.47 
669.18 
659.18 
657.77 
657.77 


AveraRe 

pull  on 

rod. 


Poundit. 
496.75 
510 

515.33 
514.50 
608.35 
513.22 
586.25 
584.15 
532.13 
527.85 
521.^3 
515.83 
682.13 
516.66 
525.60 
625.60 


Foot- 
pounds 
of  work 
given  to 
rod. 


896. 
1,007 
1,101. 
1.016. 
1,008. 
1,013. 
1.050. 
1,054. 
1,050. 
1.042. 
1,090. 
1,101. 
1,050. 
1,020. 
1,038. 
1,088. 


77 

11 
22 
90 
62 
09 
96 
05 
50 
02 
11 
96 
82 
06 
06 


Mechan- 
ical effi- 
ciency. 


Per  cent. 
72.1 
64.5 
60.2 
64.2 
65 
64.4 
61.9 
63.2 
62.5 
63 
68.8 
60.8 
62.7 
64.6 
63.3 
63.8 


Maxi- 
mum 
tension 
on  rod. 


Pounds. 


780 


825 


Mini- 
mum 
tension 
on  rod. 


Pounds. 


—  70 


—165 


VAN  VOORHIS  PUMP. 


Fig.  32  is  a  pump  specially  designed  for  slow  speeds  and  low  lifts, 
yet  capable  of  running  at  high  speeds.     It  is  locally  known  in  Kan- 


Pia.  82.— Vertical  section  of  pump  designed  for  slow  speeds  and  low  lifts. 


HOOD.] 


TAN  VOORHIS   PUMP. 
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sas  as  the  Van  Yoorhis  pump.  The  piston  is  replaced  by  a  hollow 
plunger  the  upper  opening  of  which  is  covered  by  a  large  clack  valve. 
The  plnnger  is  packed  with  a  suitable  cup  leather  on  the  outside. 
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20  30  40  50         60 

Strokes  per  minnto.    Stroke,  10.09  Inches. 

Pig.  831 — ^Varyingr-discharge  cnrves  of  8-inch  Van  Voorhls  pnmp,  showing  effect  of  varying  lift 

and  speed. 

The  suction  vaJve  also  is  a  large  clack  valve.  The  valve  area  is  very 
great,  being  70  per  cent  for  the  lower  valve  and  94  per  cent  for  the 
upper  valve  in  an  8-inch  pump.  The  weight  of  the  pump  was  146 
pounds,  and  of  the  plunger,  rod,  etc.,  101.5  pounds.     This  design  has 
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[RaU. 


many  advantages  for  very  slow  running,  which,  however,  quickly 
disappear  when  a  moderate  piston  speed  is  reached.     The  discharge 


so         -%o        50         wo         lO 

Strokes  per  minnte.    Str<A«,  lOM  inchfli. 

Fio.  34.— Varying-efflclency  curyes  of  8-lnch  Van  Voorhis  pttinp,  showing  effect  of  varying  lift 

and  speed. 

curves,  shown  in  fig.  33,  and  varying  for  each  lift,  give  the  results  for 
the  large  valves.  Fig.  34  shows  the  efficiencies  for  six  different  lifts, 
and  fig.  35  the  change  of  efficiency  with  increase  of  lift. 
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15  20 

Height  of  lift.  In  f«et. 

Fio.  86.~yarifttloa  of  efficiency  with  varying  height  of  lift  of  Van  Voorhis  pump  at  speed  of 

16  Btrokes  per  minute. 


Discharge  of  Van  Voorhis  8-inch  pump  at  5-foot  lift;  stroke,  10. OS  inches. 


Speed. 

Discharge 

in  20 

strokes. 

Discharge 

in  20 
strokes. 

Plotted 

average; 

discharge 

per  stroke. 

Speed. 

Discharge 

in  20 
strokes. 

Discharge 

in  20 
strokes. 

Plotted 

average; 

discliarge 

per  stroke 

10 

Pounds. 
848.6 
844.6 
882 
316 
801 
296 
289 
281 
878 

Pounds. 
348.6 
346 
828 
316.5 
296 
294 
290 
291 

Pounds. 
17.56 
17.06 
16.50 
16.97 
16.42 
14.85 

60 

Pounds. 

249 
244 

227 

220 

222 

221.6 

213 

216.6 

Pounds. 
259.5 
258 
241.6 
235 
288 
219.6 
220 
216 
206.6 

Pounds. 
13.35 

16 

56 

12.80 

20 

60 

12.85 

26 

66 

11.60 

ao 

68 

11.86 

35 

70 

11.06 

10 

14.80 
13,77  , 
13.65 

7.5 

10.90 

45 

80 

10.67 

47 

85 

10.66 

Discharge  of  Van  Voorhis  8-inch  pump  at  various  lifts  and  speeds. 


Speed. 

Discharge,  in  pounds,  for  20  strokes  for  lift: 

U.88feet. 

16. 88  feet. 

27.12  feet. 

82.04  feet. 

87.21  feet. 

10 

820.5 

318.6 

823 

826.6 

826.6 

822.6 

809.6 

808.6 

294 

801.6 

290 

290.5 

276.6 

270.6 

272.6 

267.5 

257.6 

249.6 

247.6 

289 

232.6 

223.6 

828 

332.5 

829.6 

328 

820.6 

321 

306.6 

810.6 

297 

801 

284.6 

286 

256 

275 

243 

251 

331 

332.6 

829.5 

326 

817.5 

815 

300 

300.6 

288.6 

286 

285 

284 

306 

308 

313 

317.5 

298 

302.6 

293 

280.5 

290 

282.6 

316.6 

10 

315.6 

15  

819 

15 

318 

20 

809 

20 

309 

25 

299 

26 

296 

30 

280.6 

80 

268.6 

85 

35 

40      

40                                        .                

45 

45     

50               

50        

55                    

55                                  

00                                       .  .             

00                 .  . 
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Plotted  average  discharge  per  stroke. 


Speed. 

Discharge,  la  pounds,  per  stroke  for  lift: 

11.83  feet. 

16.83  feet. 

22  feet. 

27.12  feet. 

32.04  feet. 

37.21  feet 

10 

15.975 

16.1 

16.05 

15.575 

15 

14.425 

13.85 

13.275 

12.7 

12.125 

11.55 

16.625 

16.45 

16 

15.425 

14.85 

14.8 

13.725 

18.175 

12.6 

12.05 

11.6 

16.662 

16.412 

15.887 

15.275 

14.675 

14.1 

13.48Y 

12.912 

12.8 

16.6 

16.875 

15.776 

15.125 

14.5 

18.9 

13.25 

12.66 

12 

15.66 

15.7 

15.2 

14.575 

14 

13.36 

16.8 

16 

15.925 

20 

16.45 

26 

14.85 

80 

14.25 

85  

40 

45 

60 

- 

65 

60 

Figures  from  efficiency  tests  of  S-inch  Van  Voorhis  pump;  stroke,  10MB  inches. 

LIFT,  4.875  FEET. 


Speed. 

Dis- 
charge 

per 
stroke. 

Foot- 
pounds 

of 
useful 
work. 

Average 

pull  on 

rod. 

Foot- 
pounds 

work 
given  to 

rod 

Mechan- 
ical effi- 
ciency. 

Maxi- 
mum 
tension 
on  the 
rod. 

Mini- 
mum 
tension 
on  the 
rod. 

Stroke 
finished 
at  clo- 
sure of 

the 
upper 
valve. 

Stroke 
finished 
at  clo- 
sure of 

the 
lower 
valve. 

8 

Pounds. 
17.65 
17.65 
14.85 
14.80 
14.80 
12.80 
12.80 
12.80 
12.80 

86.04 
86.04 
72.89 
60.71 
60.71 
62.40 
62.40 
62.40 
62.40 

Pounds. 
180 
125.60 
140.95 
147.65 
161 

158.30 
156.65 
155.80 
157.70 

108.55 

104.79 

117.68 

123.28 

126 

132.18 

181.63 

129.67 

131.69 

Percent.  Pounds. 
79.20             235 

Potind.-?. 
+  85 

Per  cent. 

Percent. 

8 

82.10 

62 

66 

56.80 

47.20 

47.40 

48.20 

47.80 

86 

4 
6 
6 
11 
11 
11 
11 

12 

40 

616 

+  20 

16 

40 

16 

64 

780 

-  60 

21 

64 

21 

64 

21 

54 

675 

85 

21 

LIFT,  6.166  FEET. 


16.. 
16.. 
17.. 
20-. 
28.. 
26.. 
29.. 
86.. 
86.. 
43.. 
48+ 
46.. 
43-f 
48.. 
64.. 
54.. 
68.. 
66.. 
72,. 
84.. 
86.. 
90.. 
100. 


17.05 

16.95 

16.85 

16.60 

16.20 

16.85 

15.50 

14.75 

14.75 

14 

13.90 

13.65 

13.90 

13.35 

12.80 

12.80 

12.35 

11.60 

11.06 

10.55 

10.60 

10.40 

10 

88.09 
87.67 
86.96 
85.25 
83.70 
81.89 
80.08 
76.20 
76.20 
72.33 
71.81 
70.52 
71.81 
68.97 
66.18 
66.13 
63.81 
69.98 
65.25 
64.61 
54.24 
53.78 
60 

154.30 

150.80 

148.65 

160 

145.70 

163.80 

ISO 

150 

151.80 

167.75 

147.66 

154.80 

147.66 

150 

153.80 

153.80 

164.04 

179.46 

194.32 

285.80 

226.16 

264.12 

283.72 

128.84 

1^.90 

124.12 

126.25 

121.66 

128 

126.25 

125.25 

126.83 

140.07 

128.28 

128.67 

123.28 

125.25 

128 

128 

136.89 

149.84 

162.25 

238.22 

188.64 

220.37 

286.90 

67.60 

60.55 

70 

68 

68.80 

63.97 

63.92 

60.80 

60.30 

51.00 

58.20 

64.80 

68.20 

65 

51.60 

51.60 

46.60 

40 

84 

22.80 

27.80 

24.70 

21.10 

285 
280 

40 
60 

.6 
.9 

2 

4 

4 

6 

6 

7 

5 

5 
10 
10 
12 
12 
17 
20 
21 
20 
22 

490 

0 

550 

0 

575 

15 

660 

0 

876 

600 

1,200 

-72 

0 

-76 

1,500 
1,200 
1,660 

-150 
-160 
-135 

2 

8 

5 

6 

6 

0 

11 

16 

15 

16 

17 

19 

17 

20 

2t 

2S 

2S 

27 

37 
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Figures  froTn  efficiency  tests  of  S-inch  Van  Voorhis  pump;  stroke^  lO.OS  inches- 

Continued. 

LIFT,  11.83  FEET. 


Speed. 


10 
10 
15 
15 
20 
20 
25 

ao 

80 
36 
35 
40 
40 
45 
45 
60 
60 
55 
66 
60 
60 


Dis- 
charge 

per 
stroke. 


Pounds. 
15.975 
15.975 
16.1 
16.1 
16.05 
16.05 
15.575 
15 
15 

14.425 
14.425 
13.  &5 
13.85 
13.275 
13.275 
12.7 
12.7 
12.125 
12.126 
11.55 
11.55 


Foot- 

pounds 

Averagre 

of 

pull  on 

useful 

rod. 

work. 

Pounds. 

188.9 

281.1 

188.9 

281.1 

190.4 

276 

190.4 

269.9 

189.8 

274 

189.8 

2ra.7 

184.3 

272.5 

177.4 

272.4 

177.4 

266.2 

170.6 

264.6 

170.6 

266.9 

163.8 

272.2 

163.8 

266.9 

157 

274.5 

157 

268.4 

150.2 

269.1 

150.2 

■    285.4 

14;?.  4 

308.9 

143.4 

308.9 

136.6 

308.5 

136.6 

303.2 

Foot- 
pounds 
of  work 

given 
to  rod. 


2a5.8 

235.8 

230.2 

225.4 

228.8 

228.5 

226.9 

227.4 

222.3 

221 

222.9 

227.3 

222.8 

229.2 

224.1 

224.7 

238.2 


7 

,7 


253. 
253. 
^7.6 
269.5 


Mechan- 
ical effi- 
ciency. 


Percent. 
80.5 
80.5 


2 

,8 
2 


82.7 

84.5 

82.9 

88 

81 

78 

79 

77 

76.5 

72 

73.5 

68.5 

70 

66.8 

63 

56.6 

66.6 

63 

62.6 


Maxi- 
mum 
tension 
on  rod. 


Pounds. 

417 

422 

427 

437 

475 

600 

626 

600 

720 

760 

780 

1,060 

895 

1,070 

1,015 

1,135 

1,265 

1,410 

1,380 

1,367 

1,482 


LIFT,  16.83  FEET. 


10 

16.525 

16.525 

16.45 

16.45 

16 

16 

15.425 

15.425 

14.85 

14.85 

14.3 

14.3 

13.725 

13.725 

13. 725 

IS.TZo 

13. 175 

13. 175 

12.6 

12.6 

12.05 

12.05 

11.5 

11.5 

278.1 

278.1 

276.8 

276.8 

269.3 

269.3 

259.6 

259.6 

249.9 

249.9 

240.6 

240.6 

231 

231 

231 

231 

221.7 

221.7 

212 

212 

202.8 

202.8 

193.5 

19:j.5 

395.8 
396.6 
384.7 
391.2 
-     386.6 
387.3 
383.8 
380 
375.3 
374.6 
374.2 
873.5 
370.4 
875.3 
372.3 
374.2 
391 
406.9 
404.8 
405.9 
404.7 
404.7 
426.4 
410.4 

330.5 

331.2 

329.0 

326.6 

322.8 

323.4 

320.5 

317.3 

313.4 

312.8 

312.5 

311.9 

309.3 

313.4 

310.9 

317.8 

326.5 

338.9 

338 

338.9 

337.9 

337.9 

356.1 

842.7 

84.1 

83.9 

84.1 

84.7 

83.4 

83.2 

81 

81.8 

79.7 

79.9 

77 

77.1 

74.7 

78.7 

74.3 

72.7 

67.9 

65.4 

62.7 

62.5 

60 

60 

54.3 

56.4 

565 

10 

665 

15    

505 

15    

590 

20 

650 

20    

650 

25    

710 

26 

710 

30 

875 

30     

35 

940 

35 

1,000 

40 

1.090 

40 

1,060 

40 

1,070 

40    

1,010 

45 

1,224 

45 

1,309 

50 

60 

1,245 
1,395 

55 

1,3?2 

66    

1,330 

60 

1,515 

60 i 

1,447 

LIFT,  22  FEET. 


10 
10 
15 
15 
20 
20 
25 
26 
30 

ao 

35 
35 
40 
40 
45 
45 
60 
50 


16.562 

16.562 

16.412 

16.412 

15.887 

15.887 

15.275 

15.275 

14.675 

14.675 

14.1 

14.1 

13.487 

13.487 

12.912 

12.912 

12.3 

12.3 


864.3 

364.3 

361 

301 

349.5 

849.5 

836 

336 

822.8 

822.8 

310.2 

310.2 

296 

296 

284 

284 

270.6 

270.6 


7 
7 


510.8 
510.1 
604.7 
510.8 
497.7 
492.2 
486.8 
480.7 
483.9 
482.2 
474.6 
468.4 
601.5 
513.8 
506.3 
505.3 
531.6 
533.2 


5 
4 


426.5 

425.9 

4£1.4 

426.5 

415.6 

411 

406. 

401. 

404 

402.7 

396.3 

391.2 

418.8 

429 

421.9 

421.9 

443.9 

445.8 


85.4 

85.5 

85.6 

84.6 

84.1 

85 

82.6 

83.7 

79.9 

80.1 

78.2 

79.8 

70.8 

69.1 

67.8 

67.3 

60.9 

60.7 


720 
715 
770 
740 
855 
890 
945 


1,085 
1,140 
1.216 
1,160 
1,380 
1,507 
1,402 
1,402 
1,687 
1,660 
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Figures  from  efficiency  teats  of  S-inch  Van  Voorhis  pump;  stroke  10.02  inches— 

Continued. 

LIFT,  27.12  FEET. 


Speed. 


10 
10 
16 
16 
20 
20 
26 
25 

ao 
ao 

85 
36 


Dis- 
charge 

Foot 

Foot 

pounds 

Ayeraee 

pounds 

Mechan- 

of 

pull  on 

of  work 

ical  effi- 

per 
stroke. 

useful 
work. 

rod. 

given 
to  rod. 

ciency. 

Pounds. 

Pounds. 

Per  cent. 

16.6 

460.2 

646.8 

639.7 

88.4 

16.6 

450.2 

646.6 

639.8 

83.4 

16.375 

444.1 

642.6 

636.6 

82.7 

16.375 

444.1 

640.9 

635.1 

88 

16.775 

427.8 

684.7 

630 

80.7 

15.775 

427.8 

638.2 

632.9 

80.2 

15.126 

410.2 

617.8 

615.4 

79.5 

15.125 

410.2 

619.9 

617.7 

79.2 

14.5 

393.2 

619.9 

617.7 

75.96 

14.5 

303.2 

615.7 

514.1 

76.4 

13.9 

367 

611.5 

610.6 

71.8 

18.9 

367 

600 

501 

78.2 

Maxi- 
mum 
tension 
on  rod. 


Pounds. 
832 
900 
960 
975 
1.027 
1,085 

i,a»7 

1,170 
1.895 
1,880 
1,500 
1,447 


LIFT,  32.04  FEET. 


10 

16.55 

15.55 

15.7 

15.7 

15.2 

15.2 

14.576 

14.575 

14 

14 

13.85 

13.85 

498.2 

408.2 

608 

508 

487 

487 

467 

467 

448.5 

448.5 

427.7 

427.7 

760.4 

760.4 

753.5 

746.5 

734.9 

721 

726.6 

718.9 

724.5 

712.1 

706.2 

696.8 

634.9 

634.9 

629.2 

623.8 

618.6 

602 

605.9 

600.2 

604.9 

594.5 

589.6 

681.4 

78.4 

78.4 

79.9 

80.7 

79.8 

80.9 

77 

77.8 

74.1 

76.4 

72.5 

73.6 

Loer 

10 

1,080 

16 

1,132 

16 

1,110 

20 

1,262 

20 

1,850 

25 

1.820 

25 

1.440 

80 

1,455 

80 

1.447 

86 

1,667 

86 

1.667 

LIFT,  37.21  FEET. 


10 

15.8 

15.8 

16.926 

16.926 

15.45 

16.45 

14.85 

14.85 

14.26 

14.25 

587.9 
687.9 
692.6 
602.5 
674.9 
674.9 
662.6 
552.5 
530.2 
630.2 

868 

805.7 

867.2 

864.5 

857.3 

850.1 

846.6 

847.8 

825.7 

828.1 

724.8 
722.8 
724.1 
721.8 
716.9 
717.8 
704.5 
707.9 
689.6 
687.8 

81.1 

81.8 

81.8 

82 

80.3 

80.1 

78.2 

78 

78. 9 

77.1 

1,177 

10 

I.ITT 

16 

1,185 

16 

1,185 

20 

1,230 

20 

1,260 

t5 

1,805 

25 

1.380 

30 

1,380 

30 

1,380 

COOK  PUMP. 

The  Cook  cylinder,  made  by  the  Cook  Well  Company,  of  St.  Louis, 
Missouri,  has  been  developed  especially  for  deep-well  pumping,  and 
the  4-inch  size  is  shown  in  fig.  36.  The  design  admits  of  the  with- 
drawal of  both  the  piston  and  the  suction-valve  device  for  inspection 
or  repair.  The  actual  diameter  is  3.75  inches.  Though  furnished 
with  double  packing  leathers  and  having  a  valve  area  of  21  i)er  cent 
of  the  cylinder  area,  its  efficiency  in  deep  wells  is  notable.  Both  valves 
are  rubber  disks,  guided  by  a  central  stem.  The  cylinder  is  brass 
lined  and  highly  polished,  and  friction  is  thus  greatly  reduced.  How- 
ever, on  account  of  the  high  pressures  with  which  this  pump  deals, 
double  cup  leathers  for  packing  are  required,  by  which,  on  the  other 
hand,  friction  is  increased.     Built  especially  for  high  lifts,  it  is  not  to 
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be  espected  that  it  will  develop  a  high  efficiency  at  the  low  lifts 
prevailing  in  irrigation  work. 

In  testing  this  pump  it  was  first  operated  in  au  open  well  with  a 
34.8-foot  lift.     The  efficiency  varied  from  about  78  to  58  per  cent  at 


Fio.  39.— Vertical  secUou  of  Cook  cylinder. 

Bpeeds  of  12  to  40  2-foot  strokes  per  minute.  The  pump  was  then 
provided  with  a  stuffing  box,  carefully  made  and  packed,  and  was 
made  to  deliver  water  against  an  air  pressure  equivalent  to  the 
previous  total  lift  of  34.8  feet. 
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The  mean  pull  on  the  pump  rod  was  found  to  be  increased  about 
30  pounds  by  the  friction  in  the  stuffing  box,  and  the  efficiency,  in 


4-&0 


10  19  20  25  30 

strokes  per  minate.    Stroka,  S4  Inchn. 

Fig.  37.— Discharge  curve  for  4-inch  Cook  deep- well  pump. 

consequence,  lowered  from  the  78  to  58  per  cent  of  the  previous  test 
to  67  to  63  per  cent.     At  the  higher  lifts  tried  the  same  method  was 
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Fig.  38.— Yarying-efflciency  curves  of  4-lnch  Cook  pu  mp,  showing  effect  of  varying  lift  and  speed. 

followed,  and  the  efficiency,  at  an  82.5-foot  lift  and  at  speeds  ranging 
from  15  to  35  strokes  per  minute,  was  found  to  range  from  81  to  72 
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per  cent.  Allowing  for  the  increase  of  friction  resulting  from  the 
addition  of  a  staffing  box,  the  efficiency  of  the  pump  in  an  open  well 
and  at  the  same  depth  would  probably  be  85  to  77  per  cent.  Fig.  37 
gives  the  discharge  curve,  and  fig.  38  the  efficiency  curves,  at  differ- 
ing lifts,  for  this  pump,  fitted  with  the  packed  stuffing  box  and  rod. 
There  are  exhibited  a  quick  action  of  the  valves,  a  remarkably  low 
maximum  stress,  and  slight  compression  in  the  pump  rod  at  speeds 
above  20  strokes  per  minute. 

There  is  here  seen  to  be  marked  advantage  in  the  special  adaptation 
of  parts  to  special  conditions. 

Discharge  of  4'inch  Cook  pump;  atroke^  f^  inches. 


Speed. 

Experi- 
mental 

dis- 
charge 
per  SO 
strokes. 

Plotted 
average 

dis- 
charge 

per 
stroke. 

Speed. 

Experi- 
mental 
dis- 

» 

strokes. 

Plotted 
average 

dis- 
charge 

per 
stroke. 

12  

Pvunda. 
465 

464 
467 
469 
471 
468 
468 
468 
461 
467 

Pounds, 

'       9.3 

ao 

PoundB. 
465 
457 

460 
460 
460 
458 
456 
456 
460 

Pounds. 

L8 

25 

9.2 

12 

25 

15 

9.38 

30 

9.18 

15  

30 

15 

35 

9.16 

15     : 

1 

•--  — 

35   

ar> 

40 

9.14 

30  

40 

ao 

Figures  from  efficiency  tests  of  4-inch  Cook  pump;  stroke,  3 4  inches. 

LIFT,  34.8  FEET;  OPEN  WELL. 


Speed. 

Dis- 
charge 

per 
stroke. 

Foot- 
pounds 
of  useful 

work. 

Average 

pulT 
on  rod. 

Foot- 
pounds 
of  work 
given  to 

rod. 

Mechan- 
ical 

efficien- 
cy. 

IVfaxi- 

mum 

pull  on 

rod. 

12    

Pounds. 
9.3 
9.3 
9.38 
9.38 
9.32 
9.32 
9.2 
9.2 
9.18 
9.18 
9.16 
9.16 
9.14 
9.14 

323.6 
323.6 
326.4 
338.4 
324.3 
324.3 
320.1 
320.1 
319.5 
319. 5 
318.8 
318.8 
318.1 
318.1 

Pounds. 
207.6 
213.9 
205.3 
208.9 
215.9 
212.5 
225.6 
225.6 
246.3 
243.1 
257.6 
253.4 
273 
270.1 

415.6 

438.1 

410.9 

408.2 

432.1 

425.4 

451.6 

451.6 

493 

48<r6 

515. 6 

507.3 

546.4 

540.7 

Per  cent. 
77.8 
75.6 
79.4 
79.9 
75 

76.2 
70.8 
70.8 
64.8 
65.6 
61.8 
62.8 
58.2 
58.8 

Pounds. 
280 

12 

285 

15    

815 

15 

305 

20 

860 

20    

336 

25 

385 

25      

410 

30    

510 

30 

625 

35 

575 

35 

635 

40 

650 

40 

650 

LIFT,  34.8  FEET,  USING  STUFFING  BOX. 


12 

12 

15 

15 

20 

20 

25 

25 

30 

30 

36 

35 


9.8 

323.6 

243.1 

486.5 

66.5 

9.3 

323.6 

232.7 

465.7 

69.5 

9.88 

826.4 

251.4 

6(6.2 

64.8 

9.38 

326.4 

251.4 

503.2 

04.8 

9.32 

824.3 

264.5 

520 

6L2 

9.32 

324.3 

260.4 

521.3 

62.3 

9.2 

320.1 

250 

5(J0.4 

63.9 

9.2 

330.1 

259.1 

518.6 

61.7 

9.18 

319.5 

266.7 

533.8 

50.8 

9.18 

319.5 

279.2 

558.8 

57.1 

9.16 

318.8 

297.2 

504.9 

53.5 

9.16 

318.8 

300 

600.4 

53 

315 
810 
860 
875 
400 
415 
420 
435 
565 
560 
650 
675 
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Figurt'H  from  effldenoy  teats  of  4- inch  Cook  pump;  stroke,  ;^4  incTies— Continued. 

LIFT,  48  FEET,  USING  STUFFING  BOX. 


Sl)eed. 


12 
12 
15 
15 
20 
20 
25 
25 
30 
30 
35 
35 


Di8 
charg^e 

per 
Rtroke. 


Pounds. 
9.3 
•9.3 
9.88 
9.38 
9.32 
9.32 
9.2 
9.2 
9.18 
9.18 
9.16 
9.10 


Foot 
pounds 
of  useful 

work. 

Average 

puir 
on  rod. 

Foot 
pounds 
of  work 
given  to 

rod- 

Mechan- 
ical 

efScien- 
cy. 

Pounds. 

Percent. 

440.4 

284.8 

670.1 

78.8 

446.4 

288.1 

576.7 

77.4 

450.2 

295.4 

591.8 

76.1 

450.2 

298.6 

»7.7 

75.3 

447.4 

302.2 

005 

73.9 

447.4 

309.2 

618  9 

72.3 

441.6 

327.3 

655.1 

67.4 

441.0 

304.9 

610.2 

73.3 

440.6 

322.7 

646.9 

68.2 

440.6 

316.2 

632.8 

69.6 

439.7 

325.7 

651.9 

67.4 

439.7 

331.9 

664.4 

66.1 

Maxi- 
mum 
pull  on 
rod. 


Pounds. 

375 
400 
415 
460 
450 
515 
490 
565 
545 
640 
655 


LIFT,  71  FEET,  USING  STUFFING  BOX. 

16 

15 

9.38 

9.38 

9.33 

9.33 

9.2 

9.2 

9.18 

9.18 

666 

666 

661.7 

661.7 

653.2 

653.2 

651.8 

651.8 

416.6 

389.8 

433.9 

421.4 

431.3 

428.1 

429 

454.7 

884 

n9.2 

868.4 
843.4 
863.2 
856.8 
868.6 
910.2 

79.8 
85.4 
76.2 
78.4 
75.6 
76.2 
75.9 
71.6 

566 
620 

20 

585 

20 

505 

25 

^5 

25 

630 

30 

30 

760 
766 

LIFT,  82.5  FEET,  USING  STUFFING  BOX. 


15 
15 
20 
20 
25 
25 
30 
30 
35 
35 


9.38 

773.9 

475 

960.7 

81.4 

9.38 

773.9 

488.2 

977.1 

79.2 

9.32 

705 

478.5 

957.7 

80.3 

9.32 

705 

485.3 

971.6 

79.1 

9.2 

759 

489.6 

980 

77.4 

9.2 

759 

488.9 

978.6 

77.6 

9.18 

757.3 

509.7 

1,00) 

74.2 

9.18 

757.3 

518.7 

1,038 

72.9 

9.16 

755.7 

529.2 

1,069 

71.8 

9.16 

765.7 

523.7 

1,048 

72.1 

590 

590 
705 
700 
780 
825 
830 
840 
815 
1,030 


SUMMARY. 

To  pump  large  quantities  of  water  with  small  power  economically, 
it  is  necessary  that  the  pump  speed  be  slow,  preferably  below  20 
strokes  per  minute;  that  the  pump  itself  be  large  and  of  long  stroke, 
and  that  the  valve  area  be  at  least  30  per  cent  of  the  cylinder  cross- 
section  area. 

For  the  more  rapid-running  pumps  the  valve  area  should  be  still 
larger. 

The  efficiency  of  pumps  rightly  called  good  pumps  may  vary  from 
20  to  85  per  cent,  depending  on  the  lift  and  the  piston  speed. 

A  fall  of  25  per  cent  in  the  efficiency  of  a  pump  in  the  usual  range 
of  windmill  speed  is  not  uncommon. 

A  pump  having  a  variation  of  only  5  per  cent  is  possible. 

For  wells  about  20  feet  deep  there  is  no  need  for  using  a  pump  of 
less  than  75  per  cent  efficiency  for  average  speeds. 

Two  pumps  may  compare  very  favorably  at  a  certain  lift,  and  much 
less  favorably  at  some  other  lift  not  greatly  different. 
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A  pump  having  an  efficiency  of  over  80  per  cent  at  piston  speeds  up 
to  100  feet  per  minute  is  possible  at  a  20-foot  lift. 

Some  pumi)s  can  be  run  at  a  piston  speed  of  180  feet  per  minute 
and  maintain  an  efficiency  above  70  per  cent  for  lifts  above  20  feet. 

A  pump  with  very  large  clack  valves,  on  a  very  low  lift,  may  give 
an  efficiency  from  80  per  cent  at  slow  sx>eed  to  50  per  cent  at  a  piston 
8X>eed  of  80  feet  per  minute. 

Pumps  at  slow  sx>eed  and  at  high  speed  alike  discharge  a  little  less 
water  per  stroke  than  at  medium  speed — perhaps  from  1  to  2  per 
cent. 

A  pump  with  small  delivery  pipe  may  at  high  speed  deliver  a  con- 
siderably larger  amount  of  water  than  that  -computed  from  the  cylin- 
der capacity. 

With  pumps  having  an  ample  supply  of  water  the  sx>eed  may  be 
limited  by  failure  of  the  lower  valve  if  its  movement  is  not  limited. 

Valves  of  limited  movement  are  preferable  for  fast  speeds. 

The  addition  of  a  stuffing  box  to  any  form  of  pump  may  seriously 
reduce  the  efficiency. 

The  initial  stress  on  the  upstroke  at  the  higher  sx)eeds  is  the 
destructive  element  in  windmill  operation.  The  use  of  a  device  for 
reducing  this  stress  is  well  worth  consideration.  At  piston  speeds  of 
only  70  feet  per  minute  this  sudden  jerk  may  be  equivalent  to  two  or 
three  times  the  weight  of  the  column  of  water  lifted. 

A  method  of  pump  testing  is  i>066ible  which  would  determine  the 
behavior  of  valves  and  give  the  measure  of  the  resistances  at  various 
stages  of  the  stroke  in  such  manner  as  to  admit  of  quantitative  state- 
ment. 

RESISTANCE    TO    ROTATION    OFFERED    BY   VARIOUS    CRANK- 
DRIVEN  PUMPS. 

The  resistance  offered  to  any  driving  mechanism  by  a  single-cylin- 
der pump  varies  greatly  at  different  stages  of  the  pump  stroke.  If 
connection  with  the  pump  be  through  the  usual  crank,  the  resistance 
offered  by  the  crank  will  be  slight  at  each  dead  center.  Piston  and 
rod,  if  of  sufficient  weight,  will  afford  some  motive  power  on  the  down- 
stroke.  The  useful  work  is  done  during  the  upstroke,  and  the  larger 
portion  of  it  during  the  first  part  of  the  upstroke,  excepting  when  the 
speed  is  very  slow.  In  &g.  39  horizontal  distances  represent  posi- 
tions of  the  crank  in  its  circular  course  during  a  single  revolution. 
The  position  in  each  case  is  located  from  the  lower  dead  center  as  an 
initial  ix)int.  The  heights  of  the  vertical  lines  represent  the  resisting 
moment  at  that  point.  Neglecting  the  effect  of  angularity  of  the  con- 
necting rod,  the  smooth  sinusoidal  curve  represents  the  resistances  to 
tnming,  assuming  the  load  to  be  uniform  on  the  upstroke  and  to  be 
diminished  to  about  one-eighth  on  the  downstroke.  This  diminished 
load  is  the  weight  of  the  piston,  rod,  etc.     The  shaded  area  abovQ 
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the  zero  line  repreeente  tlie  work  done  in  raising  the  piston,  rod,  and 
water;  and  that  below  the  line,  from  180°  to  360°,  represents  the  work 
returned  by  the  falling  piston  and  rod  on  the  downstroke.  The  out- 
side line  and  the  heavier-shaded  portion  show  the  actual  resisting 
moments,  as  computed  from  the  diagram,  fig.  40,  from  the  work  of 
on  8-inch  pomp  at  a  lift  of  22  feet  and  a  speed  of  25  strokes  per  min- 
□te.    The  additional  work  required  for  acceleration  of  the  water,  etc. , 


Fia.  Ol.— DiwTMn  of  r< 


if  cniJi  driving  «  BinRle-cyllnder  lift  pi 


is  shown  by  the  heavier-shaded  area.  This  great  variation  in  the  turn- 
ing resistance  renders  it  impossible,  without  considerable  loss  of  effi- 
ciency, effectively  to  use  certain  forms  of  motors. 

If  a  horse  be  used  to  operate  a  pump  of  this  kind,  by  means  of  a 
sweep  or  other  suitable  turning  device,  during  a  stroke  of  the  pump, 
he  will  meet  with  resistances  such  as  shown  by  the  vertical  lines  in 
fig.  39.     The  pump  must  not  be  so  large  that  the  maximum  moment 


Flo.  4IX — DTuunometeT  diagram  ot  kotiul 


con  not  be  reached  and  overcome  at  a  point  somewhere  between  50° 
and  90°  of  the  revolntion.  Even  then,  for  at  least  half  the  time,  the 
horse  will  be  doing  no  work  at  all,  and  for  60  per  cent  of  the  time  he 
wiU  be  loaded  below  the  average.  The  line  AB  gives  the  average 
resistance.  Furthermore,  itappears  that  the  maximum  load  reaches  to 
more  than  three  and  one-half  times  that  of  the  average  load.  This 
fault  may  be  remedied  in  part  by  the  use  of  a  fly  wheel  of  moderate 


HOOD.] 


BESISTANCE   OFFERED   BT  OBANK-DRIVEN  PUMPS. 


67 


weight.  The  unevennefis  of  loading  will  oontinne  to  be  so  consider- 
able, however,  as  to  render  the  work  of  the  horse  laborious;  whereas 
with  equalized  load  he  oould  do  even  a  lai^er  amount  of  work  with 
oomparatlve  ease.  A  windmill  encounters  the  same  difficulty,  as  may 
be  seen  from  the  ineffectual  efforts  it  makes  in  light  winds  to  x>ass 


W/NOMiU 


CCHMtTSRiVifOffTi 


M^C^ 


lo/UMi/mMaiM^ 


I 
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Fio.  41.— Method  of  coanter balancing  a  windmill  pomp. 

this  point  of  maximum  load.  It  becomes  apparent,  too,  that  if  the 
load  were  evenly  distributed  the  mill  would  find  the  light  wind  power 
sufficient  for  light  running.  By  the  use  of  a  counterweight  a  partial 
distribution  at  least  can  be  effected. 

A  modification  of  the  horse-power  sweep  sometimes  to  be  seen  is 
a  wooden  spring  bar  so  attached  as  to  offer  a  spring  resistance  during 
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the  light>-pull  interval  and  to  assist  correspondingly  on  the  heavy 
poll.  It  lias  decided  merit.  As  applied  to  the  pump  rod  of  a  wind- 
mill the  modiUcation  might  take  the  form  of  a  weight  encircling  the 
rod  and  given  a  direction  of  motion  opposite  to  that  of  the  rod  by 
means  of  pulleys,  as  shown  in  fig.  41.  This  device  should  be  attached 
to  back-geared  mills  only,  and  should  have  its  range  of  action  fixed 
so  high  in  the  tower  as  to  leave  the  pump  rod  free  to  act  in  compres- 
sion without  bending.  The  counterweight  i^honld  equal  one-half  that 
of  the  load  on  the  piston  and  should  range  as  low  in  the  tower  as 
practicable, 
DilTerential  pumps  equalize  the  work  between  the  upstroke  and 


Fio.  4£.— Diserun  □(  resisULiioe  to  rotaMon  o(  »  abaft  carryliig  two  cranks  drlrliig  a  duplex 

the  downstroke  by  employing  a  very  large  piston  rod.  If  the  oross- 
section  area  of  the  piHton  rod  be  one-half  that  of  the  cylinder,  one- 
half  of  the  cylinder  capacity  will  be  dischai^^  on  the  upstroke  and 
the  remaining  half  by  dispLa«enient  on  the  downstroke.  Work  is 
thus  equalized  between  the  upstroke  and  the  downstroke.  Since, 
however,  the  work  required  ou  the  downstroke,  which  has  now  become 
in  fact  a  down  thrust,  necessitates  the  use  of  stiff  rods  in  order  to 
avoid  compressive  bending,  there  is  disadvantage  in  the  practice 
where  long  rods  are  required,  as  la  deep  wells  or  for  windmills  with 


Fid.  18.— Diagram  of  resistance  to  retatlou  of  a  abaft  carrying  three  cranks  driving  a  trliilai 


high  towers.  For  such  long  thrust  rods  guides  must  be  provided  at 
frequent  intervals  to  preserve  the  alignment  and  insure  direct  action, 
and  frictional  resistance  is  thus  introduced. 

Again,  there  will  be  enlargement  of  the  pump  rod  for  a  short  dis- 
tance only  at  the  water  surface  in  the  discharge  pipe.  This  enlarge- 
ment is  partially  withdrawn  from  the  water  on  the  upstroke,  thereby 
vacating  a  space  to  be  HUed  and  thus  reducing  the  dischai^e,  and  it 
is  lowered  into  the  water  on  the  downstroke,  thereby  forcing  upward 
an  equal  volume  of  water  by  displacement  and  thus  oompensating 
for  the  previous  loss.    Yet  it  does  not  effect  an  eqnalizatioa  of  work 
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between  the  two  strokes.  The  full  cyliader  capacity  is  lifted  on  the 
upstroke  nearly  to  the  full  height  of  the  discharge,  and  on  the  down- 
stroke  hut  half  of  this  is  displaced  from  the  height  of  the  discharge 
opening,  requiring  little  work  on  the  downstroke.  It  is  evidently  a 
mistake  to  regard  this  device  as  an  equalizer  of  work.  The  enlarge- 
ment, to  he  fully  effective,  should  continue  down  to  the  piston. 

Compound  pumps  having  fonr  valves  and  discharging  on  both  the 
upstroke  and  the  downstroke,  or  two  cylinder  pumps  in  which  one 
cylinder  makes  an  upstroke  during  the  downstroke  of  the  other,  would 
produce  a  resistance  diagram  such  as  shown  in  fig.  4^.     This  diagram 


FlQ.  «.— Ooald  triplex  power  pnmiJ. 

represents  the  crank  resistance  of  a  pump  discharging  the  same  quan- 
tity of  water  per  revolution  of  the  crank  as  the  pump  represented  in 
fig.  39  {p.  66).  The  curve  below  the  zero  line  exhibits  the  effect  of  the 
weight  of  piston  and  rod,  and  the  curve  above  the  resistance  due  to 
lifting  piston,  rod,  and  water.  The  shaded  portions  show  the  resist- 
ances at  each  point  in  the  revolution,  the  piston  weights  balancing 
each  other.  In  this  double-cylinder  form  the  maximum  resistance  ia 
about  1.6  times  the  average  resistance,  as  against  3^  times  with  the 


70  TESTS  OP  PUMPS  AND  WATEE  LIFTS.  [»o.i*- 

single-cylinder  form.  At  two  point8  in  each  rotation  the  resistance 
will  be  zero,  but  it  does  not  fall  below  zero,  as  with  the  single-cylin- 
der form.  A  pump  of  this  kind  can  be  more  easily  driven  by  horse 
power  than  one  with  a  single  cylinder,  but  it  is,  on  the  olher  hand, 


Fro.  tf.— Gould  triplez  pomii  Mid  bonepower  oomblned. 

too  irregular  in  action  to  admit  of  any  ootistderable  speed.  With  a 
single  large  cylinder  counterweighed  as  above  described  the  resist- 
ances are  as  shown  in  fig.  42  (p.  G8)  and  the  efficiency  is  greater  than 
with  two  small  cylinders. 

Fig.  43  (p.  68)  shows  the  resistances  in  a  three-cylinder  pump 
arranged  to  discharge  the  same  quantity  per  revolution  as  did  the 
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Fro.  W.— DiBchai-fCeof  Goaldf-iDch  br  H-lncb  triplez  pomp. 

two-cylinder  and  the  one-cylinder  forms.  The  three  pistons  are 
driven  from  three  crank  elbows  in  the  shaft  set  at  130°  each  to 
each,  as  shown  in  fig.  44  (p.  69).     The  resistance  offered  by  this 
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device  is  very  imiform,  as  appears  from  the  shaded  portion  of 
the  diagram.  The  maximum  resistance  is  but  6  per  cent  above 
the  average  resistance,  and  a  moderate  fly  wheel  renders  the  motion 
entirely  steady. 

Such  pumps  admit  of  the  best  use  of  any  constant  power,  as  that  of 
a  horse  or  a  small  engine.  In  Gould's  triplex  pump  (fig.  44),  a  horse 
will  encounter  a  nearly  uniform  resistance  and  can  work  to  the  best 
advantage.    A  4  by  8  inch  pump  of  this  make  was  tested  by  the 
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Ftg.  47.— Varying-effldency  ciiry€«  of  Gtonld  triplex  pomp,  showing  effect  of  varying  speed,  and 

at  two  different  lifts. 

author  at  three  different  lifts.  The  crank  shaft  is  arranged  to  be  run 
by  a  pulley  belted  from  any  source  of  power,  or  by  means  of  the 
encircling  internal  master  wheel  and  the  vertical  shaft  carrying 
bevel  gears,  as  in  fig.  45,  and  operated  by  means  of  a  horse  attached 
to  a  sweep  on  the  master  wheel.  The  very  uniform  resistance  of  this 
kind  of  pump,  as  shown  by  the  diagram,  fig.  48,  which  represents  the 
belt  puU  or  resistance  while  at  work,  has  opened  a  large  field  for  it 
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Speed  44-  p  er  minute 

Fio.  4B.— Dynamometer  diagram  showing  nnif ormity  of  resistance  afforded  by  triplex  pnmp. 

in  connection  with  various  mot;ors.  While  not  so  efficient  as  a  single- 
cylinder  pump  of  equal  capacity,  yet  it  applies  energy  so  effectively 
as  to  render  it  the  more  advantageous  form  for  many  uses.  Tlie 
efficiency  of  the  one  tested  is  seen  to  be  about  60  per  cent — not 
greater  than  that  of  many  homemade  water  lifts.  Its  durability  and 
compactness,  however,  entitle  it  to  very  favorable  consideration  in 
comparison  with  any  such  homemade  device. 
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Discharges  of  ChiUd  triplex  pump, 

LIFT,  19.75  FEET. 


Speed,  in  revolu- 
tions per  minute. 

Dis- 
charge 
IMr  min- 
ute by 
experi- 
ment. 

Average 

dis- 
charee 
per  min- 
ute by 

dis- 
charge 
curve. 

Average 
dis- 
charge 

per  revo- 
lution. 

Speed,  in  revolu- 
tions per  minute. 

Dis- 
charge 
per  min- 
ute by 
experi- 
ment. 

Average 

dis- 
charge 
pernun- 
ute  by 

dis- 
charge 
curve. 

Average 

dis- 
charge 

per  revo- 
lution. 

ao 

Pounds. 
831 
821 
853 
476 
530 
681 
644 
688 
672 
728 
771 

Pounds. 
306 
806 
873 
400 
542 
688 
606 
625 
678 
730 
772 

Pounds. 
10.2 
10.2 
10.3 
10.4 
10.4 
10.4 
10.4 
10.4 
10.4 
10.4 
10.4 

75 

Pounds. 

784 

816 

876 

947 

1,085 

1,175 

1,206 

1,213 

1,390 

1,630 

i.rao 

Pounds. 

783 

825 

857 

941 

1.0B6 

1,161 

1,192 

1,102 

1,390 

1,631 

1,745 

Pounds. 
10.4 

30 

70 

10.4 

dtt 

82 

10.4 

47 

90 

10.4 

BS6 

99 

10.4 

66 

Ill 

10.4 

57 

114 

10.4 

60 

114 

10.4 

65 

183 

10.4 

70 

166 

10.4 

74 

166.8 

10.4 

LIFT,  38.55  FEET. 


40 

416 
482 
827 

416 
468 
808 

10.4 
10.4 
10.4 

84 

898 
064 

853 
941 

10.4 

45 

90 

10.4 

77 

Figures  from  efficiency  test  of  Oould  triplex  pump  4  by  8  inches, 

LIFT,  19. 75  FEET. 


Speed,  in  revolutions  per  minute. 


25.9. 

27... 

29.5. 

32.8., 

40.5. 

48.8. 

43.8. 

46.9., 

48.... 

49.6. 

61.8. 

58.2. 

68.8.. 

60.6. 

68.2. 

78.2. 

76... 

78.2. 

79.2- 

81.1. 

85.7. 

96.3. 

98.3. 

100.. 

100- 

101.. 

106.8 

120.. 

126.. 

167.9 

in.4 

171.4 


Discharge 
per  min- 

Foot- 
pounds of 
useful 

Foot- 
pounds of 
work  given 
to  pump 

per 
minute. 

Mechani- 
cal effi- 

ute. 

work  per 
minute. 

ciency. 

Pounds. 

Per  cent. 

265 

5,234 

9.715 

53.8 

276 

6,451 

10,370 

68.5 

308 

6.984 

11.429 

68.3 

388 

6,675 

18.288 

50.2 

420 

8,295 

16,006 

51.8 

465 

8,986 

17.500 

51.1 

466 

8,986 

16,588 

54.1 

487 

9,618 

17,218 

65.8 

600 

9,875 

19.405 

60.9 

616 

10,171 

18,138 

56.1 

640 

10,665 

20,260 

58.6 

607 

11,968 

22.410 

68.5 

612 

12,087 

21.952 

55 

639 

12.620 

22,771 

66.4 

712 

14,062 

26,301 

68.2 

764 

15,086 

30.880 

48.7 

794 

15,681 

29,068 

6a9 

816 

16.096 

20,809 

64 

826 

16.282 

83,800 

48.9 

848 

16,748 

82,072 

62.2 

805 

17,666 

86,743 

61.8 

997 

19,690 

37,760 

68.1 

1,026 

20,263 

30,710 

51 

1,047 

20,678 

40.175 

SI.  4 

1,047 

20,678 

40,418 

81.1 

1,066 

20,836 

39,430 

S8.8 

I'iff 

21,725 

42,400 

61.2 

1,266 

24,786 

61,608 

«7.9 

1,305 

25,778 

66,202 

4A.7 

1,650 

g,587 

78,190 

4Le 

1'2S2 

86,862 

86.142 

til 

1,790 

35,862 

87,067 

4a2 
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Figures  from  effldeney  test  of  Qovid  triplex  pump  4hy8  tncAes— Continned. 

LIFT,  88.65  FEET. 


Speed,  in  reyolutions  per  minute. 

Discharge 
per  min- 
ute. 

Foot- 
pounds of 

useful 

work  per 

minnte. 

Foot- 
pounds of 
work  given 
to  pump 

per 
mmute. 

Mechani- 
cal effi- 
ciency. 

42.1 

PoundM, 
430 
465 
680 

600 
618 
640 
675 
870 
060 
965 
965 
1,120 

16,923 
17,925 
20,481 
28,180 
23,824 
24,672 
26,022 
83,538 
86,622 
87,201 
87,201 
48,176 

25,801 
27,167 
81,765 
36,144 
87,177 
89,027 
41,068 
62,978 
57,212 
58,517 
60,066 
60,824 

Per  cent. 
66.6 

448 

65.9 

50.8 

64.8 

57.7 

66.8 

50.4 

64 

61.2 ; 

63.2 

85.2 

68.8 

83.3 

63.8 

9a9 

64 

92,3 

63.5 

98.3 

61.9 

107.1 

62.2 

VARIOUS  WATER  LIFTS. 

Qn  the  Western  plains  devices  for  raising  water  other  than  the 
reciprocating  pumps  are  not  common.  The  centrifugal  pump,  which, 
if  driven  at  a  high  and  uniform  speed,  has  an  efficiency  of  about  66 
per  cent  at  a  lift  of  about  16  feet,  has  its  field  limited  to  tracts  where 
water  is  to  be  found  at  comparatively  shallow  depths  and  to  applica- 
tions where  motive  power  giving  uniform  and  high  speed  may  be 
economically  employed.  It  is  not  well  adapted  to  horse  or  windmill 
power. 

Early  forms  of  water  lifts  are  mentioned  and  illustrated  by  Weis- 
bach.  While  these  are  of  interest,  they  are  not  likely  to  be  used  by 
American  farmers,  who  are  impatient  of  slow  and  laborious  methods. 
The  following  statements  are  abstracted  from  Mechanics  of  Pump- 
ing Machinery,  by  Weisbach  and  Hermann: 

Men,  bailing  with  buckets  holding  about  one-third  of  a  cubic  foot 
each,  can  lift  15  buckets,  per  minute,  3  to  4  feet  high,  for  a  length  of 
time  daily  equivalent  to  six  hours  of  steady  labor.  This  amounts  to 
about  390,000  foot-pounds  per  day,  or  a  quantity  of  water  sufficient 
to  cover  an  acre  one-half  inch  deep.  With  deeper  wells  the  sweep  or 
weighted  lever  will  yield  about  the  same  result  in  foot-pounds  daily 
per  man.  At  a  crank  handle  an  ordinary  laborer  can  exert  a  force  of 
15  ponnds  in  steady  work,  or  can  labor  steadily  at  a  rate  of  approxi- 
mately 3,300  foot-pounds  per  minute.  This  is  about  the  best  manner 
of  employing  human  labor.  From  a  10-foot  well  a  man  with  a  winch 
and  bucket,  properly  proportioned,  can  cover  an  acre  with  one-half 
inch  of  water  in  a  day.  Approximately  the  same  can  be  done  with  a 
hand  pump  suitably  proportioned  to  the  lift.  The  Dutch  scoop,  which 
consists  of  a  long-handled  scoop  shovel  suspended  from  an  overhead 
support  by  a  rope  and  swung  by  three  men,  will  lift  water  3^  feet  and 
throw  it  6^  feet  horizontally.     One  man  working  thus  alone  can  do 
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about  as  much  work  as  by  the  bailing  method,  but  three  men  working 
together  on  a  single  scoop  will  do  more  than  five  men  bailing  sepa- 
rately. 

BUCKET  LIFTS. 

A  very'  old  device  for  raising  water  consists  of  a  vertical  roi)e  or  chain 
carrying  buckets,  the  chain  running  on  a  power-driven  sprocket  wheel 
at  the  top  and  maintained  in  proper  position  by  a  loose  sprocket  sus- 
pended in  its  lower  loop.  The  modern  development  of  the  sprocket 
wheel  and  of  the  cast-link  belt,  in  which  links  may  be  had  specially 
adapted  to  receive  sheet-metal  buckets,  has  brought  the  bucket  lift 


YiQ.  48.— Vertical  section  of  backet  of  water  elevator. 

into  renewed  use.  A  modern  form  is  sho^vn  in  PL  I,  A.  (See  also 
fig.  49.)  Its  great  advantages  are  uniformity  of  resistance  and  steady 
deliverj\  Its  disadvantages  are:  large  size  for  a  given  capacity, 
necessity  imposed  for  using  a  large  well,  and  difficulty  in  securing 
a  perfect  delivery.  The  buckets  must  be  so  made  that  in  dipping 
into  the  water  air  will  not  be  entrapped,  and  so  that  when  delivering 
air  may  again  readily  enter.  It  has  so  far  not  been  found  practicable 
entirely  to  prevent  loss  from  spilling  of  a  portion  of  the  water  lifted. 
Furthermore,  for  emptying,  the  lift  has  to  exceed  somewhat  the  height 
of  the  discharge  point.  From  these  two  inherent  defects  results  a 
noticeable  failure  in  efficiency. 

SEAMAN  BUCKET  LIFT. 

A   lift    designed    for  irrigation  work,   and   made  by  Seaman  A 
Schuske,  of  St.  Joseph,  Missouri,  was  tested,  and  the  result  appears 
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in  fig.  50.  This  device  consists  of  a  series  of  galvanized-iron  buckets, 
riveted  to  lugs  carried  on  a  common  link  belt.  The  sprocket  chains, 
at  each  side  of  the  bucket,  are  carried  on  two  sprocket  wheels.  Each 
backet  ia  provided  with  a  clay-ball  valve,  carried  in  a  wire  cage 
at  the  bottom  of  the  bucket.  The  leather  clack  valve  is  a  very  old 
form  for  this  use.  With  the  rise  of  the  bucket  the  valve— of  what- 
ever design — covers  a  circular  aperture  in  the  bucket  bottom,  and 

/5  Buckets.Seaman  Bucket Uft, 


Zero  fine 


"•V* 


Speecf  35  buckets  per  min, 

Fio.  GOL^Dynamameter  di«gTAm  showing  nnlformity  of  reeistance  afforded  by  Seaman  Imcket 

lift. 

oi>ens  in  turn  with  the  descent  into  water,  thus  obviating  the  possi- 
bility of  entrapping  air.  In  the  pendent  loop  of  the  chain  two  sprocket 
wheels  on  a  shaft  run  without  bearings.  A  gear  on  the  main  sprocket 
sbaft  is  driven  by  a  pinion,  the  power  for  which  may  be  derived  from 
any  source. 

The  uniformity  of  the  resistance  offered  by  this  lift  is  shown  in  fig. 
50,  taken  from  a  recording  dynamometer  when  the  device  was  deliv- 
ering about  300  pounds  of  water  per  minute,  from  a  depth  of  18.8  feet. 
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Fio.  6L— Diflcharge  per  bucket  of  Seaman  backet  lift  at  Tarions  speeds. 

Fig.  51  gives  the  discharge  per  bucket  at  various  speeds,  and  fig.  52 
the  total  discharge.  The  efficiency,  as  shown  in  fig.  53,  is  about  60 
per  cent  at  the  favorable  speed  of  100  buckets  per  minute.  A  pecul- 
iar drop  appears  in  the  discharge  record  at  speeds  ranging  from  100 
to  130  buckets  per  minute.  At  very  slow  speed  the  discharge  is  less, 
due  to  leakage  around  the  valve,  and  due,  further,  to  failure  of  the 
buckets  to  empty  into  the  discharge  chute.  At  higher  speed  the 
valve  loss  becomes  small,  but  the  buckets  soon  pass  the  discharge 
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chute  before  fully  emptying.  At  still  higher  speed  centrifugal  force 
aids  greatly  in  discharging  the  bucket  and  temporarily  increases  the 
discharge.  As  speed  still  further  increases,  however,  swaying  of  the 
chain  causes  loss,  by  slopping,  from  the  rising  buckets. 


30         40  so        60         70 


80        90        100        110        lao       130        140       190       160        IX) 
Bnekcta  diKharRcd  per  minat*. 

FiQ.  62.— Total  discharge  of  Seaman  bucket  lift  at  varioas  epeedfk 


This  pump  has  been  successfully  used  in  connection  with  a  wind- 
mill. It  can  be  recommended  wherever  a  large  open  well  is  available, 
and  where  the  depth  to  water  is  moderate,  say  from  20  to  35  feet.     It 
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Fio.  58.~Bfflciency-  curve  of  Seaman  bucket  at  lift  of  1B.8  feet. 

is  best  adapted  to  small  powers  of  from  1  to  5  horsepower.  The 
X>ower  necessary  to  operate  such  a  pump  is  about  double  that  repre- 
sented by  the  useful  work  done,  in  water  raised  and  discharged. 


BUCKET  LIFTS. 
Di»eharge*  of  Seaman  bucket  lift  at  v 


Speed,  Id  buckets 


Imcket. 


Speed;  In  buckets    ] 


*        dls- 


frwn  efflcUtuty  testi  of  Seavwm  bncket  lift, 

USEFUL  LIFT,  18.8  FEET. 


Speed,  In  backets  per  minnto. 

Dtoch«ge 

'"SSda 

(foaeful 

I>oSSd« 
ot  work 

machine 
permto- 

S^S: 

Lin. 

Potrndt. 

276 

4ltS 

i 

set 

TDfi 

i 

794 

i 

8,83S 

a.«6s 

i 

18,  SIB 

li,8TG 

Percenf. 

11 

1 

jn« 

i 
1 

1 

»8 

883 
981 

1 

183 

1 
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m 
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i 
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Figures  from  efficiency  tests  of  Seaman  bucket  Hft-^JonHnTuA. 
USESFUL  LIFT,  18.8  FEET— Continued. 


Speed,  in  backets  jier  mlnnte. 


89.6. 
90... 
94.4. 
96.9. 
96.3. 
98.8. 
100.. 
101.7 
107.1 
111.1 
117.6 
117.6 
117.6 
128.5 
122.6 
127.6 
180.. 
134.8 
136.. 
136.4 
136.4 
187.9 
139.5 
148.. 
143.. 
1446 
146.3 
150.. 
151.9 
154.. 
160.. 

in.4 

17L4 
171.6 
184.6 
187.6 


Foot- 

Foot- 

pounds 

Discharge 

pounds 
of  useful 

of  work 

Mechani- 

per 
minute. 

given  to 

cal  eflELd- 

Lift. 

work  per 
minute. 

machine 

ency. 

Tier  min- 

ute. 

Pounds. 

Per  ctnt. 

F^eet. 

942 

17.896 

30,937 

57.8 

19 

948 

17,828 

30,721 

66 

18.8 

J'222 

18.800 

32,285 

66.8 

18.8 

1,090 

19,176 

32,415 

69.1 

18.8 

1.048 

19.912 

82,124 

61.0 

19 

1,048 

19,702 

82,014 

61.5 

18.8 

}'2S 

20,078 

38,674 

60.6 

18.8 

^•SS 

20,^2 

82,620 

62.8 

18.8 

1,138 

21,300 

36,529 

69.9 

18.8 

1,152 

21,657 

38,076 

66.8 

18.8 

i»Sffi 

22,800 

87,226 

61.2 

19 

1,200 

28,660 

40,160 

66.1 

18.8 

1,200 

22,660 

30,211 

67.5 

18.8 

1,284 

24,139 

40,6a» 

60.4 

18.8 

1.284 

24,139 

39,463 

61.1 

18.8 

1,856 

26,474 

42.638 

59.7 

18.8 

1,382 

26,268 

41,602 

68.2 

19 

1,435 

26,978 

48,386 

62.1 

18.8 

1.448 

27,512 

48,607 

68 

19 

1,450 

27,200 

46,760 

66.3 

18.8 

1,460 

27,260 

44,405 

61.8 

18.8 

1,488 

27,797 

42,816 

64.9 

19 

1,480 

27,824- 

44,809 

02.1 

18.8 

1,506 

28,505 

48,664 

66.6 

19 

1,605 

28,505 

44,442 

64.8 

19 

J'*^i5 

28,804 

44,196 

65.1 

10 

1,530 

29,070 

46,068 

64.6 

19 

1,566 

29.664 

44,541 

66.3 

19 

1,570 

29.830 

62,101 

67.2 

19 

1,584 

80.006 

46,002 

66.8 

19 

1,622 

30.818 

48,075 

64.1 

19 

1,685 

82,015 

47,628 

07.2 

19 

1,685 

82,015 

47,486 

67.5 

19 

1,687 

31,715 

62,199 

00.7 

18.8 

1,748 

88,212 

61,906 

63.8 

19 

1.760 

38,440 

68,887 

62.7 

19 

SAME  USING  TWO  VALVES  IN  EACH  BUCKET. 


96 

100 

100 

102.5 

108.4 

111.1 

115.4 

122.5 

126 

130.4 

183.3 

142.8 

142.8 

142.8 

161.9 

l(B.l 

160 

184.6 

187.5 


1,032 
1,000 
1,060 
1,096 
1.106 
1,162 
1,178 
1,283 
1,323 
1,383 
1,420 
1,606 
1,506 
1,506 
1,670 
1,684 
1,673 
1,749 
1,760 


19.401 
20,204 
20,078 
20,642 
20,941 
21,657 
22,190 
24,120 
24,872 
96,188 
26,888 
28,294 
28,294 
26,444 
29.616 

80,  no 

81,452 
82,881 
88,088 


36,447 
36,738 
36,604 
87,206 
87,100 
39,861 
40,900 
42,161 
42,880 
44,068 
46,806 
60,222 
60,770 
48,866 
60,724 
54,718 
64,830 
02,924 
68,887 


54.7 

18.8 

66 

18.9 

64.8 

18.8 

66.4 

18.8 

56.4 

18.9 

66 

18.8 

54.1 

18.8 

67.2 

16.8 

5R 

18.8 

69.8 

18.9 

68.4 

18.9 

66.3 

18.8 

66.7 

18.8 

68.1 

18.9 

68.2 

18.8 

66.1 

18.8 

57.2 

18.8 

62.2 

18.8 

62.2 

18.8 

LIFTING  BY  ANIMAL  POWER. 


It  is  somewhat  surprising  that  horses  are  not  more  nsed  for  lifting 
water.  In  small  operations,  or  where  a  farmer  is  experimenting  with 
a  view  to  irrigation,  horse  power  would  seem  to  be  the  resource  read- 
iest to  hand.    It  is  but  little  recognized  how  much  work  may  be  got 
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from  a  horse  if  a  suitable  device  be  provided.  Farm  horses,  like  their 
masters,  work  especially  hard  during  special  seasons.  Their  rate  is 
higher  then  than  it  could  be  if  they  were  worked  continuously.  If 
the  following  estimates  at  first  sight  appear  low,  it  should  be  under- 
stood that  they  are  made  on  the  assumption  of  a  uniform  daily  rate. 
It  is  assumed  that  a  good  work  team  of  two  horses  will  pull  300  pounds 
steadily  during  a  day  of  eight  hours.  In  plowing,  this  effort  is  fre- 
quently doubled.  For  horses  worked  continuously  at  a  straight-away 
pull,  125  pounds  each  for  medium-weight  horses  is  good  average  work. 
For  occasional  short  periods  a  horse  can  throw  one-third  of  his  weight 
into  his  effort,  but  he  can  not  do  so  at  frequently  recurring  intervals. 
The  maximum  load  for  a  horse,  if  recurring  at  short  intervals,  should 
not  exceed  double  the  average  fair  load,  and  the  more  frequently  it 
recurs  the  less  it  should  be.  The  natural  gait  of  a  work  horse  is 
about  3  feet  per  second.  If  loaded  to  pull  125  pounds  at  this  gait,  his 
work  would  be  equivalent  to  22,500  foot-pounds  per  minute,  or  about 
two-thirds  of  a  horsepower. 
If  a  horse  could  be  worked  steadily  at  some  device  the  efficiency  of 

3  3 
which  would  be  66  per  cent,  he  could  lift,  in  a  ten-hour  day,  -jr-  acre- 

feet  of  water,  L  being  the  height  of  lift  in  feet.  In  many  cases  the 
lift  will  be  about  15.  feet,  giving  an  output  per  horse  of  0.22  acre-foot, 
and  if  the  depth  of  irrigation  be  3  inches,  accompanied  with  the  usual 
waste,  the  water  for  about  three-fourths  of  an  acre  per  day  could 
easily  be  supplied  by  two  horses.  With  storage  and  with  intervals  of 
ten  days  between  irrigations  a  team  of  two  horses  could  care  for  from 
5  to  7  acres.  While  to  the  enthusiast  these  figures  will  not  appear 
large,  they  are  large  enough  to  justify  the  use  of  horses  in  small  under- 
takings.  The  assumed  efficiency  of  66  per  cent  is,  in  fact,  low  rather 
than  high,  and  a  device  for  the  utilization  of  horsepower  that  shall 
attain  to  this  percentage  ought  to  be  possible  of  achievement  by 
mechanical  skill. 

The  foregoing  is  a  statement  of  what  it  is  possible  to  do  with  horses 
if  suitable  machinery  be  provided;  but  the  majority  of  existing  devices 
will  not  do  so  well  as  this.  As  shown  by  the  stress  diagram  for  a 
single-cylinder  pump  (fig.  39,  p.  66),  the  maximum  stress  is  more  than 
three  and  one-half  times  what  would  be  the  average  stress.  As  the 
maximum  effort  of  a  horse  should  not  rise  to  more  than  double  his 
average  effort,  and  as  the  average  resistance  in  the  single-cylinder 
pump  is  28  per  cent  of  the  maximum  resistance,  the  actual  average 
load  put  on  the  horse  can  equal  only  28  per  cent  of  twice  his  average 
effort,  or  56  per  cent  of  his  possible  average  effort.  In  order  to  get 
full  work  out  of  a  horse,  therefore,  it  would  be  necessary,  at  some 
I)eriod  of  each  pump  stroke,  for  him  to  make  an  effort  more  than 
three  and  one-half  times  his  most  efficient  average  effort.  This  would 
be  too  great  irregularity  of  exertion. 
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A  horse  can  not  do  full  work  on  an  unbalanced  single-cylinder 
pump.  It  is  imperative  that  recourse  be  had  to  some  device  which 
will  more  nearly  equalize  his  efforts.  The  use  of  a  sweep,  by  reason 
of  the  circular  course  a  horse  has  to  follow,  involves  a  loss  of  20  per 
cent  of  efficiency,  as  compared  with  the  possible  efficiency  in  a  straight- 
away pull.  At  each  point  of  his  actual  course  he  will  be  pulling  at  an 
angle  with  his  most  effective  course,  which  at  any  point  will  always 
be  a  tangent  to  the  circular  path.  Tests  of  the  usual  sweep  horse- 
power show  an  efficiency  of  about  80  per  cent. 

A  horse  can  deliver  to  a  pumping  device,  through  the  medium  of 
a  sweep,  80  per  cent  of  80  per  cent,  or  64  per  cent  of  his  best  effort. 
If  the  pumping  device  have  an  efficiency  of  60  per  cent,  such  as 
shown  by  the  bucket  lift,  the  water  actually  lifted  will  represent  80  X 
80  X  60  per  cent,  or  38.4  per  cent  straight-away  average  effort  of  the 
horse.     In  the  operation  of  a  bucket  lift  of  this  kind. 


8640 
L 


=Py 


in  which  L  is  the  total  lift  of  water  in  feet,  and  p  the  number  of 
pounds  discharged  per  minut<e  for  each  horse  employed. 

To  determine  the  proper  speed  for  the  bucket  lift,  let  S  be  the  length 
of  sweep  in  feet,  L  the  lift  of  water  in  feet,  I  b  d  the  dimensions, 
respectively,  of  the  buckets  used  in  inches,  and  n  the  number  of 
buckets  emptied  during  one  revolution  of  the  sweep;  then,  for  each 
horse 

10,400  S 


Llbd 


ssfl. 


Omitting  from  consideration  what  might  be  done  by  overtaxing  the 
horse,  a  larger  output  than  this  is  to  be  looked  for  only  through 
increase  of  efficiency  in  the  mechanism  of  either  the  sweep  or  the 
pump.  This  low  efficiency,  in  which  but  38  per  cent  of  the  power 
expended  by  the  horse  appears  as  returned  in  useful  work,  lies  at  the 
root  of  the  nonuse  of  horsepower  for  these  light  water-lifting  opera- 
tions. As  already  stated,  the  difficulty  does  not  to  the  writer  appear 
insuperable. 

SOKE  INDIAN  DEVICES. 

Among  devices  employed  in  India  for  raising  water  from  wells  by 
animal  power  a  number  have  been  tested  as  to  their  mechanical  effi- 
ciencies, and  have  been  reported  upon  to  the  Madras  government  in 
Bulletin  No.  32  of  the  department  of  land  records  and  agi'iculture, 
under  the  title.  Experiments  with  Water  Lifts.  The  following  copious 
extracts  from  this  interesting  report,  together  with  figs.  54, 55,  and  56, 
which  are  selected  reproductions  from  its  plates,  show  what  may 
be  accomplished  with  these  rude  devices  of  the  Indian  farmer,  to 
whom  the  cost  of  modern  machinery  is,  as  a  rule,  prohibitive. 


HOOD.] 


»OME   INDIAN   DEVICES. 


81 


The  experiments  conducted  by  the  committee  had  the  following  objects  in 
view:  The  determination  of — 

(1)  The  quantity  of  water  and  the  effective  height  it  was  lifted  in  a  given  time 
by  bullocks  of  known  weight,  and  working  in  a  way  that  did  not  unduly  fatigue 
them. 

(2)  The  quantity  of  work  actually  obtained  from  the  animals  in'  the  same 
time. 


VERTICAL  SECTION 


PLAN 

Fig.  6i.— Plan  and  vertical  section  of  Btoney  water  lift. 


(3)  The  quantity  of  work  which  might  have  been  obtained  from  the  animals  in 
the  same  time  had  the  working  of  the  lifts  been  continuous. 

The  first  quantity  divided  by  the  second  gives  the  mechanical  efficiency  of  the 
water  lift,  and  the  first  quantity  divided  by  the  third  gives  its  absolute  efficiency 
as  a  machine  for  utilizing  animal  power  in  a  given  way. 

(4)  The  quantity  of  work  represented  in  water  lifted  per  hour  divided  by  the 
weight  of  the  bullocks  in  pounds. 

IBB  14 6 
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FiQ.  56.— End  eleyation  of  Stoney  water  lift. 
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This  yields  a  constant  which,  on  the  assumption  that  the  animals  employed  in 
working  the  yarions  lifts  are  all  equally  strained,  enables  a  comparison  to  be 
made  between  very  different  types  of  water  lift  and  very  different  methods  of 
applying  animal  power.  In  some  lifts  only  the  draft  of  the  animals  is  utilized. 
In  others,  as  for  instance  the  ordinary  single  mhote,  both  draft  and  weight  are 
utilized,  whilst  in  a  third  class  only  the  animals'  weight  is  made  use  of,  as  in  Mr. 
Subba  Bao's  oscillating  platform;  and  between  such  very  different  methods  the 
constants  yielded  by  (4)  seems  to  be  the  best  method  of  making  comparisons  of 
the  actual  value  of  different  machines  for  lifting  water.    It  must  be  remembered 


Fio.  60.— Whim  ased  with  Stoaey  water  lift. 

that  though  the  mechanical  efficiency  of  a  water  lift  may  be  high,  yet  the  mode 
of  getting  the  work  out  of  the  animals  employed  may  be  bad,  and  the  actual  value 
of  the  constants  yielded  by  (4)  depends  on  the  assumption  that  the  strength  of 
animals  is  proportional  to  their  weight,  which  is  probably  roughly  true  for  ani- 
mals in  good  working  condition  and  in  the  prime  of  life,  and  on  the  accuracy 
-with  which  it  is  possible  to  estimate  whether  two  animals  working  in  different 
WBjs  are  exerting  themselves  to  their  full  working  capacity.  The  figures  there- 
fore obtained  are  only  to  be  taken  as  offering  a  rough  method  of  comparing  the 
different  lifts,  and  as  a  guide  in  estimating  their  probable  value  as  machines  for 
lifting  water. 
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Stoney's  toater  lift — The  principal  feature  in  this  lift  is  the  employment  of 
buckets  of  wroaght  iron,  suspended  in  a  stirrup  by  two  adjustable  pivots 
attached  to  the  bucket  very  slightly  above  the  center  of  gravity  of  the  bucket 
when  full  of  water.  The  mouth  of  the  bucket  is  inclined  as  shown  in  the  draw- 
ing, and  the  lower  ends  of  the  stirrup  are  turned  outward  and  encircle  steel 
wires  which  are  suspended  in  the  well  from  screw  eyebolts  attached  to  the  fram- 
ing above.  The  wires  are  fastened  by  some  convenient  means  to  the  bottom  of 
the  well  and  act  as  guides  to  the  bucket,  ascending  and  descending,  and  prevent  it 
from  either  turning  round  or  swaying  to  and  fro,  and  thus  striking  either  the  sides 
of  the  well  or  the  second  bucket.  On  the  bucket  being  lowered  into  the  water  it 
turns  horizontally  and  rapidly  fills  with  water,  and  on  being  drawn  up  assumes 
a  vertical  position  and  rises  steadily  out  of  the  water,  till  the  discharging  level  is 
reached,  when  the  upper  side  of  the  inclined  mouth  comes  into  contact  with  an 
iron  bar  fixed  across  the  framing  of  the  lift,  and  the  stirrup,  continuing  its 
upward  motion,  causes  the  bucket  to  revolve  about  the  point  of  contact  of  the 
bucket  with  the  iron  rod,  and  thus  discharge  its  contents  into  the  delivery  trough. 
The  lift  was  worked  by  carrying  the  ropes  which  hold  the  buckets  over  guide 
pulleys  to  a  whim  turned  by  either  a  pair  of  buUocks  or  a  single  bullock.  Two 
buckets  were  attached  and  the  ropes  arranged  so  that  as  one  bucket  ascended  the 
other  descended,  and  the  dead  weight  of  the  buckets  was  balanced.  The  whim 
consisted  of  a  drum  built  of  wood  and  carried  by  an  iron  spindle  on  the  top  of  a 
post  firmly  built  into  the  ground.  The  bullocks  worked  at  the  end  of  a  long 
arm,  the  circumference  swept  out  by  which  was  8.85  times  the  circumference  of 
the  drum.  The  whim  is  worked  alternately  in  one  direction  and  the  other,  the 
cattle  being  made  to  turn  round  while  the  bucket  is  discharging  its  contents. 
The  lift  was  provided  with  two  sets  of  buckets  of  a  nominal  capacity  of  30  and  25 
gallons  (English),  respectively.    In  the  following  table  is  exhibited  the  data 

regarding  their  capacity: 

Table  I. 


30-gallon  backeto | 

25-gallon  backets | 


Weight, 
empty. 

Weight 

of  water 

when  foil. 

No.  1 

No.  2 

No.  1 

No.  2 

Pounds. 

101 

98 

68 

67 

Pounds. 

285 
246 
237 

Weight  of 
water  de- 
livered by 
backeta 


Powncb. 
280 
280 

230 


The  capacity  of  the  lift  was  tested  by  working  it  with  a  single  Nellore  bullock 
weighing  1,146  pounds  on  three  different  days,  but  owing  to  insufficiency  of  water 
in  the  well  no  test  could  be  continued  for  more  than  two  hours  forty-two  minutes. 
In  Table  II  the  results  obtained  are  shown: 

Table  IL 


Date. 


Time 
started. 


July  16, 1895 

'i 

July  17, 1885 {I 

Julyl8,18a6 {i 


8-37 
9-37 
2-04 
&^ 
4-04 
2-00 
8-00 
2-20 
4-20 


Time 
stopped. 


0-57 
10-07 

a^ 

4-04 
4-46 
a-00 
?«1 
4-20 
&-29 


Number 

of 

buckets 

raised. 


a88 
aSi 
a91 
a86 
a68 
o85 
a73 
&167 
^79 


Lift  at 

begin- 

niDg. 


Ft.  in. 
22   0 


21  m 


22   2 
22  "'2 


Lift  at 
end. 


Ft.  in. 


23    8 


23    6^ 
"28"4 


Mean 
lift 


22.625 


23.24 

'22.'87' 
22. 7B 


Gkdlons 

raised 

per  hour. 


2,504 


2,480 


2,801 
"i^«B6" 


Foot- 

ponnds 

of  aae- 

fnlwork 

done. 


«B,900 


57&,800 


54S,900 


a30-gallon  bucketa 


b  25-gallon  buckets. 
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The  mechanical  efBeiency  of  the  lift  when  just  xnoying  is  83.6  per  cent,  and  at 
the  ordinary  -working  speed,  79  per  cent.  It  was  found  that  the  speed  at  which 
the  bnUock  walked  when  exerting  a  draft  of  92  pounds  was,  as  the  mean  of  a  num- 
her  of  observations,  3.64  feet  i>er  second,  and  that  in  162  minutes  he  raised  240 
bneketa  of  water,  lifting  each  bucket  23  feet  Walking  at  this  speed  without 
stopping,  which  without  doubt  the  animal  could  have  easily  done,  he  could  have 
lifted  401  buckets,  so  that  he  was  only  usefully  employed  for  59.7  per  cent  of  the 
time.  The  absolute  efficiency  of  the  lift  was  therefore  79  by  59.7  per  cent  or  47.2 
per  cent.  This  calculation  neglects  to  take  into  account  the  extra  pull  which  is 
neoeesary  to  tilt  the  bucket  to  make  it  discharge,  which  was  found  to  amount  to 
122  pounds  and  which  was  exerted  through  about  3  feet.  This  quantity  would 
only  a£tect  the  result  very  slightly  and  the  decrease  in  efficiency  would  diminish 
as  the  height  to  which  the  water  has  to  be  raised  increases. 

A  device  of  this  kind  is  among  the  possibilities  of  home  manufac- 
ture in  any  American  community.  The  results  given  were  obtained 
from  actual  trial  and  could  be  duplicated  here  by  the  use  of  horses. 

A  device  called  an  improved  single  mhote  was  also  tested  and 
described.  A  wat«r  carrier  holding  31  gallons  was  provided,  at  its 
bottom  ox>ening,  with  a  large  leather  pipe.  This  carrier  or  bucket 
was  suspended  by  a  rope  from  a  pulley,  and  the  free  end  of  the  leather 
discharge  pipe  was  separately  suspended  and  held  up  by  a  second  rope 
passing  over  a  pulley  below  the  bucket  pulley  at  the  ground  surface. 
The  discharge  end  of  the  leather  pipe  was  ordinarily  held  above  the 
bucket,  and  in  this  position  permitted  no  discharge.  Upon  the  ascent 
of  the  bucket  and  its  upturned  discharge  pipe  or  leather  tube  the  tube 
would  be  drawn  out  along  the  ground  by  its  controlling  rope  and  dis- 
charge effected  as  soon  as  the  bucket  passed  above  the  ground  sur- 
face. The  two  ropes  were  connected  in  such  manner  that  they  were 
operated  together,  the  pull  being  exerted  by  bullocks  descending  an 
inclined  plane  which  had  been  excavated  below  the  ground  level. 

The  improvement  on  the  ordinary  single  mhote  is  effected  by  attaching  a  rope 
to  the  draft  rope  and  carrying  it  on  to  the  large  drum  of  a  kind  of  windlass 
erected  at  the  end  of  the  inclined  plane  and  at  a  considerable  height  above  the 
level  of  the  end  of  the  run.  Cords  wound  round  two  smaller  drxmis,  one  on  each 
side  of  the  large  drum,  carry  weights,  which  it  was  found  almost  balanced  the 
weight  of  the  empty  bucket,  so  that  at  the  end  of  a  lift,  as  soon  as  the  bucket  was 
empty,  the  draft  rope  automatically  rose  in  the  air  and  the  bullocks  were  able  to 
turn  round  and  walk  up  the  inclined  plane  in  a  natural,  easy  manner  instead 
of  being  forced  backward,  as  is  the  common  plan.  The  improvement  effected 
is  undoubtedly  a  very  great  one,  as  not  only  is  the  weight  of  the  empty  bucket 
practically  balanced,  but  the  animals  are  also  spared  the  cramped  and  unnatural 
backward  walk  up  a  steep  incline,  which  probably  tires  them  more  than  their 
exertions  in  drawing  the  bucket  out  of  the  well.  The  experiments  made  on  this 
lift  were  not  very  extensive,  but  the  following  results  were  obtained  and  are 
worthy  of  record.  The  mhote  was  worked  by  two  bullocks  weighing  732  pounds 
and  616  pounds,  respectively,  or  in  the  aggregate  l,34d  pounds.  The  bucket, 
which  was  of  Iron  and  fitted  with  a  leathern  discharge  trunk,  weighed  43  pounds 
and  when  full  held  31  gallons  of  water,  but  the  mean  quantity  lifted,  as  measured 
into  a  tank,  was  24.2  gallons  per  lift,  the  rest  being  spilt  or  lost  by  leakage.  With 
the  bullocks  employed  the  rate  of  working  was  90  lifts  per  hour,  and  the  height  of 
the  lift  being  23  feet,  the  total  quantity  of  work  usefully  done  amoimted  to  500,940 
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footrponnds  per  hoar.  The  draft  exerted  by  the  bullocks  down  the  inclined  plane 
was  found  to  be  888  pounds.  The  useful  work  done  in  a  single  lift  was  24  x  10  x  28 
or  5,570  foot-pounds,  whilst  the  bullocks  exerted  a  pull  of  383  pounds  through  25i 
feet,  the  bucket  having  to  be  raised  an  extra  2i  feet  to  enable  it  to  discharge  its 
contents,  and  the  work  done  is  equal  to  9,760  foot-pounds.  The  bullocks  then  had 
to  return  up  a  gradient  of  1  in  5.28  feet,  in  doing  which  they  expended  6,510  foot- 
pounds of  energy  in  lifting  their  own  weight  against  the  action  of  gravity.  The 
total  amount  of  work  done  by  them  in  a  single  lift  was,  therefore,  16,570  foot- 
];>ounds  and  the  useful  outturn  5,570  foolrpounds,  so  that  the  efficiency  of  this 
method  of  lifting  water  is  not  greater  than  843  per  cent.  As  compared  with  the 
ordinary  single  mhote,  the  great  advantage  which  this  lift  possesses  is  that  it 
allows  the  bullocks  to  turn  round  at  the  bottom  of  the  inclined  plane  and  ascend 
walking  forward  instead  of  backward,  an  advantage  which  it  would  be  difficult 
to  express  numerically,  but  the  balancing  of  the  bucket  diminishes  the  draft  by 
about  40  pounds  and  increases  the  efficiency  of  the  lift  by  about  6.3  per  cent,  not, 
perhax)s,  a  very  large  amount,  but  still  by  no  means  a  negligible  quantity. 

A  see-saw  lift  described  is  unique,  and  might  be  developed  into  a 
practical  device: 

In  this  form  of  water  lift  the  bullock  is  made  to  walk  along  a  platform  supported 
on  a  roller,  and  by  his  weight  it  is  caused  to  oscillate  up  and  down.  Two  ropea 
are  attached  to  one  end  of  the  platform  and  wound  round  two  small  drums  form- 
ing part  of  a  windlass,  round  the  large  drum  of  which  a  rope  working  an  ordinary 
single  mhote  is  passed.  The  platform  is  not  supported  in  the  middle,  but  at  some 
distance  therefrom,  so  that  the  working  end  of  the  platform  greatly  preponderates 
and  the  bullock  has  to  walk  to  the  free  end  of  the  platform  to  tilt  the  longer  seg- 
ment up  and  lower  the  bucket  into  the  well.  The  platform  is  24  feet  long  and  the 
supporting  roller  is  fixed  15  feet  3f  inches  from  the  working  end.  It  was  not  pos- 
sible to  weigh  the  platform,  and  calculations  of  its  weight,  based  upon  the  quan- 
tity of  timber  used  in  it,  can  only  be  approximate.  It  was,  however,  carefully 
measured  up,  and  assuming  that  the  teak  wood,  of  which  it  was  constructed, 
weighed  45  pounds  per  cubic  foot,  the  weights  of  the  two  sections  are  1,450  pounds 
and  850  pounds.  To  diminish  the  shock  when  the  free  end  falls  and  the  bucket 
is  lowered  into  the  water,  280  pounds  of  iron  rails  are  fastened  underneath  the 
platform  by  a  short  chain,  so  that  just  before  this  end  of  the  platform  reaches  its 
lowest  position  the  rails  rest  on  the  ground  and  their  weight  ceases  to  act,  and  the 
platform  comes  to  rest  more  gently  than  would  be  the  case  if  the  velocity  of 
descent  continued  to  accelerate  to  the  very  end.  The  ropes  from  the  platform 
were  wound  round  drums,  the  circumference  of  which  was  3  feet  2^  inches  as 
measured  by  unwinding  one  coil  of  the  rope,  and  the  mhote  rope  was  worked  from 
a  drum  7  feet  10  inches  in  circumference  so  that  the  motion  of  the  working  end  of 
the  platform  was  multiplied  2.44  times.  With  the  bucket  empty  and  the  platform 
horizontal  the  load  at  the  free  end  could  be  varied  from  160  i>ounds  to  362  pounds 
without  disturbing  the  equilibrium,  whilst  with  a  load  of  247  pounds  in  the  bucket, 
equal  to  24.7  gallons  of  water,  the  platform  remained  horizontal,  though  the  load 
at  the  working  end  varied  between  584  pounds  and  275  pounds.  Taking  the  mean 
between  the  two  extreme  values  to  be  the  actual  weight  required  to  balance  the 
platform,  it  is  i)ossible  by  taking  moments  about  the  center  to  determine  the  only 
force  acting  on  the  platform  which  was  not  measured,  viz,  the  weight  of  the 
empty  bucket  and  ropes  acting  with  a  lineage  of  2.44  to  1.  With  the  bucket 
unloaded,  the  weight  works  out  as  65.4  pounds  and  when  loaded  62  pounds,  a 
remarkably  close  agreement. 

The  lift  was  worked  during  the  trial  by  a  bullock  weighing  700  pounds  and  a 
man  weighing  117  pounds.  The  rate  of  working  was  81  lifts  per  hour  from  a  well 
18  feet  1  inch  deep.  The  average  quantity  of  water  brought  up  by  the  bucket,  as 
measured  into  a  tank,  was  23.5  gallons,  and  the  useful  work  done  per  hour 
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smcmnted  to  844,210  foot-pounds.  The  bullock  and  the  man  together  were  much 
heavier  than  was  really  necessary,  and  they  did  not  use  the  foil  length  of  the  plat- 
form, so  that  it  is  difficult  to  estimate  the  work  done  by  them  in  working  the  lift, 
but  the  mechanical  efficiency  of  the  lift  on  the  day  of  trial  can  be  ascertained  by 
mnltiidying  the  faU  of  the  front  end  of  the  platform  by  the  force  required  to  set 
it  in  steady  motion  when  lifting  a  bucket  full  of  water.  The  total  height  the 
bncket  had  to  rise  to  discharge  its  contents  was  2Q  feet,  and  the  end  of  the  plat- 
form therefore  fell  9  feet  and  the  work  done  was  584  x  9 =5,256  foot-ponnds.  To 
raise  the  platform  back  to  its  initial  position  the  free  end  then  falls  5.18  feet  and 
the  load  on  it  is  862  ponnds,  and  the  work  done  is  equal  to  1,875  foot-pounds.  The 
total  work,  therefore,  done  in  a  single  lift  is  7,181  foot-pounds,  and  the  useful 
work  giyen  to  the  water  is  4,246  foot-pounds,  so  that  the  mechanical  efficiency, 
when  just  working,  is  59.6  per  cent;  at  the  normal  rate  of  working  it  is  much 
lower,  probably  not  more  than  50  per  cent. 


Pig.  57.'Coiiatractioii  of  Boyoe  water  lift. 

The  conclufiion  reached  by  the  engineer,  Mr.  A.  Chatterton,  who 
made  the  tests,  was  that  '^  the  most  efficient  way  of  utilizing  animal 
power  is  to  make  the  animal  raise  himself  against  the  action  of  grav- 
ity, and  then,  in  some  way,  convert  the  potential  energy  stored  in  the 
animaVs  body  into  work." 

AN  AMERICAN  DEVICE. 

An  American  water  lift,  devised  by  Mr.  A.  Boyce,  of  Augusta, 
Oklahoma,  was  exhibited  at  Garden,  Kansas,  in  1896.  Figs.  57,  58, 
and  PI.  I,  B  (p.  74),  show  its  construction  and  general  mode  of  opera- 
tion. Its  very  considerable  merit  lies  in  the  readiness  with  which  it 
may  be  constructed  on  the  farm,  and  in  its  cheapness.  The  general 
plan  of  the  device  may  be  described  as  follows: 

The  running  gear  of  an  ordinary  farm  wagon,  with  the  two  wheels 
of  one  side  removed,  has  its  axles  fixed  radially  to  a  circular  track, 
the  diameter  of  which  is  made  to  exceed  slightly  the  total  height  of 
the  water  lift.  The  axles  are  bolted  to  beams  which  extend  to  the 
center  of  the  circular  track,  where  they  are  pivoted  to  a  low  post. 
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Horses  hitched  in  the  usual  manner  draw  this  two-wheeled  device 
around  the  circle.    A  vertical  post,  rigidly  braced  on  the  wagon  frame 

and  extending  to  a  height  some- 
what above  the  backs  of  the 
horses,  carries  at  its  upper  end  a 
vertical  pin,  to  which  ropes  are  at- 
tached by  means  of  a  loose  link 
and  extended  to  a  lifting  device 
at  the  well.  As  the  wagon  travels 
around  the  track,  the  framework, 
as  a  whole,  acts  as  a  crank,  the 
throw  of  which  is  equal  to  the 
height  of  lift  of  the  water.  The 
ropes  extend  horizontally  from  the 
top  of  the  traveling  post  to  the 
well  framework,  so  that  the  horses 
pass  beneath  them.  By  simple 
multiplication  of  ropes  more  than 
one  well  may  be  drawn  upon. 
Where,  however,  there  is  but  a 
single  well,  a  counterbalance  upon 
the  wagon  must  be  used  to  prevent 
overturning.  In  the  well  is  a 
bucket,  hung  at  either  side  on  gim- 
bals, attached  a  little  above  its 
center  of  gravity  when  full,  so  as 
barely  to  insure  stability.  In  the 
bottom  of  the  bucket  two  large 
clack  valves  admit  of  the  ingress 
of  water.  The  supporting  ropes, 
one  on  each  side,  pass  through 
pulley  blocks  over  head  and  thence 
horizontally  to  the  crank  link  on 
the  wagon  post.  These  pulley 
1  blocks  hang  from  the  ends  of  a 
short  beam,  pivoted  at  its  center  so 
that  it  may  always  maintain  a  i>o- 
sition  normal  to  the  continually 
changing  direction  of  the  ropes. 

The  mechanism  for  emptying 
the  bucket  is  designed  to  receive 
its  full  discharge  and  at  the  same 
time  to  avoid  shock.  A  swinging 
trough  is  suspended  at  four  pointB, 


Pio.  68.— Oonstmctlon  of  Boyoe  water  lift. 


by  rods,  from  the  framework  overhead.    As  the  bucket  reaches  the 
summit  of  its  rise  it  encounters  a  cross  rod,  on  a  tilting  lever,  as  shown 
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The  following  list  contains  titles  and  brief  descriptions  of  the  principal  reports 

relating  to  water  supply  and  irrigation  prepared  by  the  United  States  Qeological 

Survey  since  1890: 

1890. 

First  Annual  ReiK>rt  of  the  United  States  Irrigation  Survey,  1890;  octavo,  123  pp. 

Printed  aa  Part  II,  Irrigation,  of  the  Tenth  Annnal  Report  of  the  TTnited  States  Geological 
Sarrey,  1888-89.  Contains  a  statement  of  the  origin  of  the  Irrigation  Survey,  a  preUminarr 
report  on  the  organization  and  proseoution  of  the  sorvey  of  the  arid  lands  for  parpoaei  of  irri- 
gwion,  and  a  report  of  work  done  during  1890. 

1891. 

Second  Annual  Report  of  the  United  States  Irrigation  Snrvey,  1891 ;  ootavo,  395  pp. 

Published  as  Part  II,  Irrigation,  of  the  Eleventh  Annual  Beport  of  the  United  States  Geolog- 
ioal  Survey.  1889-^.  Contaiua  a  description  of  the  hydrograpiiy  of  the  arid  region  and  of  the 
engineering  operations  carried  on  by  the  Irrigation  Survey  during  1890;  also  the  statement  of 
the  Director  of  the  Survey  to  the  House  Comnnttee  on  Irrigation,  and  other  papers,  including  a 
bibliography  of  irrigation  literature.    Illustrated  by  20  plMos  and  4  figures. 

Third  Annual  Beport  of  the  United  States  Irrigation  Survey,  1891 ;  octavo,  576  pp. 

Printed  as  Part  II  of  the  Twelfth  Annual  Report  of  the  United  States  GeoUtfical  Survey. 
1890-91.  Contains  "Report  upon  the  location  and  survey  of  reservoir  sites  dturug  the  fiscal 
year  ended  June  90, 1891,"  by  A.  H.  Thompson ;  "Hydrography  of  the  arid  regions,"  by  F.  H. 
Newell ;  "  Ixrigatiou  in  India, "  by  Herbert  M.  Wilson.    lUustrated  by  93  plates  and  190  figures. 

Bulletins  of  the  Eleventh  Census  of  the  United  States  upon  irrigation,  prepared 
by  F,  H.  Newellj  quarto. 

No.  35,  Irrigation  in  Arizona ;  No.  00,  Irrigation  in  New  Mexico ;  No.  85,  Irriga- 
tion in  Utah;  No.  107,  Irrigation  in  Wyoming;  No.  153,  Irrigation  in  Montana; 
No.  157,  Irrigation  in  Idaho;  No.  163,  Irrigation  in  Nevada;  No.  178,  Irrigation 
in  Oregon;  No.  193,  Artesian  wells  tor  irrigation;  No.  198,  Irrigation  in  Wash- 
ington. 

1899.. 

Irrigation  of  western  United  States,  by  F.  H.  Newell ;  extra  census  bulletin  No.  23, 
September .9, 1892;  quarto,  22  pp. 

Ck>ntain8  tabulations  showing  the  total  number,  sverftge  size,  etc.,  of  irrigated  holdings,  the 
total  area  and  average  sise  of  irrigated  farms  in  tne  subhnmid  regions,  the  peroentsce  of  num- 
ber of  farms  irrigated,  charaoter  of  crops,  value  of  irrigated  lands,  the  average  oostofirrigation, 
the  investment  and  profits,  together  with  a  r68um6  of  the  water  supply  and  a  description  of  irri- 
gation by  artesian  wells.  Illustrated  by  colored  maps  showing  the  location  and  relative  extent 
of  the  iirigated  areas. 

1893. 

Thirteenth  Annual  Report  of  the  United  States  Geological  Survey,  1891-92,  Part  m, 
Irrigation,  1893;  octavo,  486  pp. 

Consists  of  three  papers :  '*  Water  supply  for  irrigation,"  by  F.  H.  Newell  ;*' American  irriga- 
tion engineering,"  andf  "Engineering  results  of  the  Irrigatiou  Survey,"  by  SCerbert  M.  Wilson ; 
''Construction  of  topographic  maps  and  selection  ana  survey  of  reservoir  sites,"  by  A.  H. 
Thompson.    Illustratea  by  77  plates  and  119  figures. 

A  geological  reconnoissance  in  central  Washington,  by  Israel  Cook  Rnsaell,  1893 ; 
octavo,  108  pp.,  15  plates.  Bulletin  No.  108  or  the  United  States  Geological 
Survey ;  price,  15  cents. 


1894. 

Beport  on  agriculture  by  irrigation  in  the  western  part  of  the  United  States  at  the 
Eleventh  Census,  1890,  by  F.  H.  Newell,  1894;  quarto,  283  pp. 

Consists  of  a  general  description  of  the  condition  of  irrigation  in  the  United  States,  the  aiea 
irrigated,  cost  of  works,  their  value  and  profits ;  also  describes  the  watttr  supply,  the  value  of 
water,  of  artesian  wells,  reservoirs,  and  other  details ;  then  takes  up  each  State  and  Territory 
in  order,  giving  a  general  description  of  the  condition  of  agriculture  by  irrigation,  and  disooaees 
the  physical  oondiiions  and  local  peculiarities  in  each  county. 

Fourteenth  Annual  Report  of  the  United  States  G^logical  Survey,  1892-93,  in  two 
parts ;  Part  II,  Accompanying  papers,  1894 ;  octavo,  597  pp. 

Contains  papers  on  "  Potable  waters  of  the  eastern  United  States,"  by  W.  J.  McQee;  "Natural 
mineral  waters  of  the  United  States,"  by  A.  C.-Peale;  **  Results  of  stream  measurementa,"  by 
F.  H.  Newell.     Illustrated  by  maps  and  oiagramB. 

(Continued  on  third  page  of  cover.) 
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OPERATIONS  AT  RIVER  STATIONS,  1897. 


LAMBBBTVILLB  STATION  ON  DELAWABE  BIYEB. 

t 

Observations  of  height  of  Delaware  Biver  were  begun  on  July  23, 
1897,  at  the  covered  toll  bridge  at  Lambertville,  New  Jersey,  a  town  on 
the  Belvidere  Division  of  the  Pennsylvania  Kailroad,  16  miles  above 
Trenton.  When  visited,  there  was  found  to  be  an  old  gage  on  the 
bridge  pier;  later  in  the  season  the  water  receded  below  the  end  of 
this  scale.  A  new  gage  was  therefore  put  in  place,  consisting  of  a 
stamped  link  brass  chain  33  feet  long  with  a  6-pound  sash  weight 
attached.  The  chain  runs  over  a  pulley,  the  scale  being  a  horizontal 
board  22  feet  in  length,  graduated  to  tenths  of  a  foot,  fastened  to  the 
studding  of  the  bridge  and  inclosed  in  a  wooden  cover.  The  zero  of 
the  gage  chain  is  marked  by  a  copi>er  rivet.  It  reads  2  feet  when  the 
water  is  at  zero  on  the  old  gage  of  the  bridge  pier.  The  observer  is 
Charles  H.  Naylor,  collector  of  toll.  Measurements  are  made  from  the 
windows  of  this  covered  bridge.  The  initial  point  for  soundings  is  on 
the  left  bank.  The  channel  above  and  below  is  nearly  straight,  the 
water  being  sluggish  for  a  short  space  on  the  left  side.  The  right  bank 
is  high  and  the  bed  of  the  stream  is  of  gravel  and  sand.  A  measure- 
ment was  made  on  July  22,  1897,  by  Arthur  P.  Davis,  when  the  water 
stood  at  5.50  feet  on  the  new  gage,  the  discharge  being  21,831  second- 
feet;  and  another  on  September  14, 1897,  by  E.  G.  Paul,  when  the  gage 
height  was  3.42  feet  and  the  discharge  5,308  second-feet. 

Dailff  gage  height,  in  feet,  of  Delaware  Biver  at  Lamhertville,  New  Jersey,  for  1897. 


Day. 

July. 

Ang. 

6.70 
6.13 
6.58 
5.17 
6.74 
6.87 
5.37 
5.04 
4.78 
4.52 
4.70 
4.83 
4.91 
4.95 
4.70 
4.81 

Sept. 

3.74 
3.83 
4.00 
3.05 
4.08 
3.91 
3. 87 
3.70 
3.38 
3.00 
3.00 
3.87 
3.63 
3.41 
03.17 
2.90 

Oct. 

2.75 
2.60 
2.65 
2.50 
2.40 
2.80 
2.20 
2.20 
2.20 
2.20 
2.20 
2.80 
2.65 
3.20 
3.35 
3.45 

Nov. 

2.35 
8.00 
5.40 
5.15 
4.00 
4.40 
4.15 
3.05 
3.90 
4.15 
4.45 
4.60 
4.65 
4.70 
4.50 
4.35 

Dec. 

5.35 
5.00 
4.75 
4.55 
5.35 
6.00 
7.00 
6.10 
5.60 
6.40 
5.20 
5.20 
5.45 
6.35 
8.25 
10.15 

Day. 
17 

July. 

Aug. 

4.45 
4.25 
4  16 
4.04 
3.01 
3.87 
4.00 
4.17 
4.33 
5.20 
5.08 
4.69 
4.26 
3.95 
3.74 

Sept. 
2.95 

Oct. 

Nov. 

4.40 
4.50 
4.45 
4.35 
4.25 
4.20 
4.10 
4.10 
4.05 
3.05 
4.75 
6.20 
6.35 
5.65 

Doc. 

0.00 

1 

».  3ft 

2 ' 

18 

2.  75     a.  OS 

7.00  1 

3 

19 

2.85 
2.50 

2.75 
2.ftn 

6.85  < 

4 

20 

6.20 
5.60 
5.40 
5.25 
5.25 
4.90 
4.50 
4.60 
4.50 
Frozen. 
4.20 
4.25 

6 

21 

2. 55     2. 45 
2.  60     2. 40 
2. 65  !  2.  45 
2. 75     2. 60 
8.05     2.60 
3.25     2.55 
3. 10     2. 70 

6 

22 

7 

23 

24 

25 

26 

27 

28 

29 

30 

31 

5.50 
5.25 
5.00 
4.92 
4.83 
6.12 
7.46 
8.75 
7.75 

8 

9 

10 

11 

12 

3.40 
3.10 
2.85 

2.56 
2.36 
2.30 
2.25 

18 

14 

16 

16 

aKaw  gage  erected.    Former  reading  changed  to  refer  to  new  datum. 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


HARRISBURO  STATION  ON  SUSQUEHANNA  RIVER. 

Observations  of  the  height  of  water  in  the  Susquehanna  Biver  have 
been  made  for  several  years  at  the  puinp  house  of  the  waterworks; 
located  in  the  western  part  of  the  city  of  Harrisburg,  Pennsylvania. 
This  well  is  connected  directly  with  the  river  by  means  of  large  water 
mains.  A  float  in  this  well  is  attached  to  a  cable  and  counterweight,  the 
height  of  water  being  indicated  upon  a  painted  scale.  The  datum  is 
the  low- water  mark  of  1804.  Observations  are  made  by  the  engineer, 
G.  M.Nagle,  each  morning  before  starting  the  pumps.  The  record  since 
1890  has  been  furnished  by  Mr.  E.  Mather,  president  of  the  Harrisburg 
Water  Company.  Measurements  of  the  discharge  are  made  from  the 
open  iron  bridge  on  Second  street.  The  initial  point  for  sounding  is 
the  iron  upright  at  the  east  end  of  the  bridge.  The  channel  above  and 
below  the  station  is  straight  for  about  2,500  feet.  The  banks  are  high 
and  the  current  has  moderate  velocity.  The  stream  is  divided  into  two 
channels,  with  a  large  island  between.  The  iirst  measurement  was 
made  on  March  31,  1897,  by  B.  G.  Paul. 

The  results  of  measurements  during  1897  are  as  follows : 

March  31,  gage  height,  5.42  feet ;  discharge,  58,859  second-feet. 
May  15,  gage  height,  7.83  feet ;  discharge,  105,888  second-feet. 
August  31,  gage  height,  1.50  feet ;  discharge,  9,568  second- feet. 
September  16,  gage  height,  0.58  feet ;  discharge,  3,962  second-feet. 
November  17,  gage  height,  2.50  feet;  discharge,  17,824  second-feet. 

Daily  gage  Jmght,  in  feetf  of  Su8qu€hann4i  Eiver  at  JECarrishurg,  Penntylvania,  /c/r  1891, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

2.83 
8.00 
3.88 
4.50 
5.26 
6.00 
6.50 
5.42 
4.92 
4.50 
4.08 
4.25 
6.00 
8.75 
7.92 
7.50 
6.67 
6.00 
5.67 
5.08 
4.a3 
4.50 
7.08 
9.17 
9.50 
9.42 
8.42 
7.50 
7.00 
7.08 
9.83 

10.58 

11.60 

11.50 

11.17 

10.17 

8.92 

7.67 

7.60 

7.50 

7.42 

7.50 

7.42 

7.00 

6.42 

5.02 

6.58 

5.92 

14.26 

19.00 

17.83 

13.9.5 

11.75 

11.50 

10.25 

9.00 

8.25 

11.33 

13.08 

11.00 
9.00 
7.38 
6.67 
6.67 
5.87 
6.25 
6.00 
4.67 
4.67 
6.17 
7.08 
8.50 
9.67 
10.75 
10.00 
8.83 
7.75 
6.83 
6.17 
5.92 
6.38 
6.67 
8.08 
10.33 
10.83 
10.08 
8.92 
7.83 
7.50 
7.67 

8.25 
9.00 
8.58 
8.75 
8.42 
8.00 
7.17 
6.42 
6.00 
6.67 
6.83 
6.08 
7.33 
9.00 
8.50 
8.00 
7.67 
7.42 
6.83 
6.75 
6.33 
5.92 
6.50 
5.17 
6.00 
4.75 
4.67 
4.25 
4.08 
3.83 

3.58 
3.60 
3.42 
3.42 
3.26 
8.08 
8.00 
3.00 
2.92 
2.75 
2.67 
2.67 
2.68 
2.50 
2.50 
2.42 
2.42 
2.83 
2.25 
2.25 
2.04 
2.00 
2.18 
2.25 
2.33 
2.29 
2.25 
2.21 
2.17 
2.08 
2.00 

2.00 
1.92 
2.00 
2.00 
2.00 
2.00 
2.08 
2.17 
2.58 
2.75 
3.00 
2.75 
2.67 
2.67 
2.58 
2.50 
2.42 
2.33 
2.33 
2.33 
3.33 
3.58 
5.42 
6.17 
5.58 
4.58 
4.33 
3.76 
3.50 
3.50 

2.75 
2.50 
2.68 
3.17 
4.08 
3.50 
8.08 
2.67 
2.75 
2.67 
2.92 
2.63 
2.75 
2.50 
2.25 
2.17 
2.00 
1.83 
1.02 
2.08 
2.08 
2.08 
2.00 
2.00 
4.33 
4.00 
3.83 
3.88 
8.00 
2.75 
3.92 

3.26 
3.17 
3.08 
2.92 
3.00 
3.08 
3.00 

4.67 
4.00 
3.67 
3.33 
8.00 
8.00 
8.fl3 

1.76 
1.67 
1.67 
1.58 
1.58 
1.58 
1.68 
1.76 
2.58 
8.00 
2.83 
2.67 
2.67 
2.58 
2.42 
2.33 
2.08 
2.00 
1.83 
1.92 
2.17 
2.50 
3.26 
4.67 
4.17 
3.67 
3.17 
8.00 
2.83 
2.67 
2.58 

2.60 
2.50 
2.33 
2.25 
2.25 
2.25 
2.17 
2.17 
2.00 
2.00 
2.00 
2.67 
3.67 
4.00 
4.25 
4.08 
3.76 
4.00 
4.83 
4.76 
4.67 
4.25 
4.17 
4.08 
5.42 
6.42 
0.17 
5.42 
5.00 
4.07 

4.25 
4.00 
3.67 
8.60 
4.68 
8.76 
9.60 
&88 
7.00 
6.00 
6.42 
5.00 
4.17 
4.38 
4.00 
8.88 
8.76 
3.07 
4.58 
6.00 
4.76 
4.17 
8.83 
8.92 
4.58 
6.83 
8.25 
9.33 
8.68 
7.83 
8.60 

2 

8 

4 

5 

6 

7 

8 

8.33     4.67 
3.08     4.50 
2.88     4.08 
2.75     3.83 
2.58     3.50 
2. 58     3.  Oft 

9 

10 

11 

12 

13 

14 

2.58 
2.50 
2.50 
2.50 

.3.00 
3.00 
2.67 
2.67 

16 

16 

17 

18 

2. 42     2. 58 
2. 25     2. 58 
2. 42  1  2. 50 
2.25     2.25 

19 

20 

21 

22 

28 

2.08 
2.00 
3.08 
6.50 
6.58 
5.25 
5.67 
6.00 
5.33 
6.17 

2.17 
2.08 
2.08 
2.00 
1.92 
1.83 
1.76 
1.75 
1.75 

24 

26 

26 

27 

28 

29 

80 

81 
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Daily  gage  height,  in  feet,  of  SueqHehanna  River  at  Harrieburgf  Penneylvania,  for  1892. 


Day. 

• 

Jan. 

8.50 
8.26 
8.75 
9.33 
8.83 
8.00 
7.83 
6.83 
5.33 
5.67 
4.17 
3.67 
3.76 
6.50 
11.83 
13.17 
10.83 
9.08 
7.75 
7.67 
7.00 
6.17 
6.38 
4.75 
4.50 
4.33 
8.68 
2.50 
2.08 
2.83 
2.83 

Feb. 

Mar. 

Apr. 

9.76 
9.00 
8.50 
11.75 
14.33 
14.67 
18.17 
11.83 
9.50 
7.83 
7.00 
6.42 
5.67 
5.33 
4.76 
4.76 
4.33 
4.33 
4.00 
8.83 
3.67 
3.50 
3.42 
3.50 
8.50 
8.58 
3.68 
3.50 
8.88 
8.17 

May. 

8.00 
2.83 
2.83 
2.83 
4.50 
6.83 
7.58 
7.68 
7.83 
6.67 
5.58 
6.00 
4.76 
4.25 
4.17 
4.17 
4.42 
4.83 
4.92 
5.«7 
7.25 
8.25 
8.83 
&75 
8.26 
7.88 
6.67 
6.60 
6.33 
7.08 
6.42 

Jane. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

1 

2.83 
2.92 
2.92 
8.06 
3.06 
8.00 
8.00 
2.92 
2.76 
2.60 
2.68 
2.50 
2.00 
1.06 
1.76 
1.83 
1.67 
1.76 
2.00 
2.83 
2.17 
2.60 
2.67 
8.17 
8.60 
4.33 
4.60 
4.83 
4.67 

4.60 
4.00 
8.58 
8.25 
8.00 
2.67 
2.83 
2.83 
8.83 
6.25 
6.17 
5.92 
5.67 
5.00 
4.42 
4.00 
3.50 
8.83 
8.08 
3.00 
2.92 
2.67 
2.50 
2.50 
2.67 
8.50 
4.50 
10.88 
13.00 
12.00 
10.68 

6.92 
5.50 
5.17 
7.68 
12.50 
12.00 
11.25 
9.00 
7.67 
7.00 
7.42 
7.00 
6.42 
5.42 
4.67 
4.17 
8.75 
3.68 
3.50 
3.50 
3.67 
4.00 
3.67 
3.50 
3.67 
4.17 
3.58 
8.25 
8.50 
4.83 

4.67 
4.33 
3.75 
3.67 
3.50 
3.58 
3.42 
3.42 
3.42 
3.00 
2.83 
2.50 
2.17 
2.17 
2.33 
2.42 
2.42 
2.25 
2.25 
2.08 
2.00 
1.75 
1.67 
1.67 
1.67 
1.58 
1.50 
1.60 
1.50 
1.42 
1.67 

1.92 
2.00 
1.83 
2.00 
3.00 
2.83 
2.83 
3.00 
2.67 
2.42 
2.17 
2.08 
2.42 
2.50 
3.50 
4.17 
4.00 
8.50 
2.83 
2.67 
2.33 
2.17 
1.92 
1.83 
1.92 
2.17 
2.00 
2.00 
2.00 
2.26 
8.00 

2.92 
2.50 
2.83 
2.17 
2.00 
1.83 
1.83 
1.75 
1.67 
1.50 
1.50 
1.42 
1.42 
1.50 
2.83 
2.83 
2.08 
1.83 
1.67 
1.50 
1.50 
1.50 
1.83 
1.17 
1.17 
1.25 
1.26 
1.25 
1.08 
1.08 

1.08 

1.25 

1.42 

1.25 

1.08 

1.08 

1.00 

1.00 

1.00 

1.00 

1.00 

.92 

.92 

.83 

.83 

.83 

.83 

.83 

.83 

.83 

.83 

.83 

.83 

.83 

.75 

.68 

.68 

.58 

.58 

.58 

.50 

0.50 

.50 

.50 

.60 

.50 

.60 

.50 

.50 

.75 

.92 

1.00 

1.17 

1.17 

1.17 

1.25 

1.25 

1.25 

1.26 

1.92 

2.60 

2.50 

2.92 

8.58 

3.33 

2.02 

2.50 

2.08 

2.00 

2.00 

1.92 

1.92 
1.83 
1.75 
1.58 
1.58 
1.50 
1.60 
1.50 
1.68 
1.67 
2.42 
4.25 
4.00 
8.50 
3.08 
2.83 
2.92 
2.67 
2.58 
2.50 
2.42 
2.06 
1.60 
.92 
1.08 
2.58 
2.00 
2.25 
2.25 
2.25 
2.17 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 

Daily  gage  height,  in  feet,  of  Suequehanna  River,  at  Sarrishurg,  Pennsylvania,  for  1893, 


Day. 

Jan. 

2.00 
2.60 
2.83 
2.88 
2.76 
2.67 
2.50 
2.60 
2.50 
2.60 
2.25 
2.26 
2.08 
2.08 
2.08 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.33 
2.60 

Feb. 

2.67 
8.00 
4.00 
4.17 
5.00 
6.08 
6.00 
6.33 
6.42 
6.42 
7.75 
11.58 
7.60 
6.50 
6.58 
5.25 
7.75 
6.75 
5.83 
5.38 
4.67 
4.25 
3.60 
3.00 
8.00 
3.00 
2.92 
2.75 

Mar. 

Apr. 

May. 

June.  July. 

1 

Ang. 

Sept 

Oct 

Nov. 

2.17 
2.17 
2.17 
2.17 
2.33 
8.00 
8.25 
2.83 
2.75 
2.50 
2.50 
2.42 
2.33 
2,17 
2.08 
2.00 
1.92 
1.83 
1.75 
1.75 
1.67 
1.58 
1.58 
1.67 
1.67 
1.58 
1.58 
1.75 
2.88 
3.67 

Deo. 

1 

2.58 

2.58 

2.75 

2.75 

2.75 

2.60 

2.50 

2.67 

8.08 

6.50 

12.50 

13.83 

14. 50 

14.58 

13.00 

12.25 

10.50 

8.83 

7.33 

6.67 

6.92 

5.68 

6.67 

6.83 

7.25 

7.75 

9.42 

8.67 

7.83 

7.83 

6.50 

6.08 
6.00 
6.42 
7.50 
7.92 
8.92 
9.50 
8.88 
8.00 
8.42 
10.00 
9.42 
8.42 
7.76 
7.42 

ao8 

8.83 

8.92 

7.75 

6.92 

7.00 

10.00 

10.92 

10.50 

8.02 

7.67 

6.83 

6.17 

6.67 

6.17 

4.92 
4.83 
5.50 
6.83 
16.17 
16.50 
14.58 
12.00 
9.92 
8.25 
7.00 
6.17 
5.50 
6.00 
4.75 
4.58 
5.92 
8.50 
9.75 
9.00 
7.58 
7.00 
6.25 
5.58 
5.42 
4.02 
4.50 
4.33 
4.17 
3.92 
3.67 

3. 67     2. 33 
3. 67     2- 17 

0.92 
.83 
.83 
.83 
.76 
.75 
.67 
.67 
.58 
.58 
.50 
.50 
.42 
.42 
.42 
.38 
.33 
.33 
.33 
.67 
.68 
.60 
.42 
.42 
.33 
.42 
.50 
.50 
1.00 
3.00 
8.08 

3.58 
4.17 
3.92 
8.50 
2.67 
2.25 
2.00 
1.75 
1.67 
1.60 
1.50 
1.67 
2.00 
2.00 
1.83 
2.00 
2.50 
2.67 
4.42 
3.67 
3.25 
2.83 
2.50 
2.33 
2.33 
2.17 
2.00 
2.00 
2.00 
2.00 

2.00 
2.00 
1.83 
1.67 
1.50 
1.50 
1.42 
1.42 
1.42 
1.33 
1.33 
1.33 
1.25 
1.67 
4.67 
6.33 
5.25 
4.25 
3.83 
3.42 
3.00 
2.50 
2.50 
2.33 
2.25 
2.25 
2.25 
2.00 
2.00 
2.00 
2.17 

4.00 
8.83 
8.67 
8.67 
8.67 
8.60 
3.17 
3.00 
3.00 
2.92 
2.83 
2.83 
2.83 
2.50 
2.00 
2.25 
2.42 
5.76 
8.83 
7.08 
6.00 
5.92 
4.42 
3.92 
3.83 
8.83 
4.83 
5,92 
5.83 
5.17 
4.67 

2 

8 

3.50 
3.58 
S.58 
3.17 
3.00 
8.00 
3.00 
2.83 
2.67 
2.68 
2.50 
2.33 
2.08 
2.00 
1.92 
1.83 
1.75 
1.75 
1.75 
1.58 
1.58 
1.75 
1.75 
2.00 
2.25 
2.50 
2.76 
2.60 

2.08 
1.92 
1.92 
1.67 
1.67 
1.68 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.75 
1.83 
1.83 
1.67 
1.67 
1.67 
1.67 
1.50 
1.42 
1.33 
1.25 
1.17 
1.08 
1.08 
1.83 
.92 
.92 

4 

6 

0 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

10 


OPERATIONS   AT   RIVEE   STATIONS,  1897. 


Daily  gage  height,  in  feet,  of  Suequehanna  Biver  at  Rarrieburgf  Pennsylvania,  for  1894. 


Day. 


1.... 

2.... 

8.... 

4... 

5.... 

6.... 

7.... 

8.... 

9... 
10.... 
11... 
12.... 
13.... 
14.... 
15.... 
16... 
17.... 
18.... 
19.... 
20.... 
21.... 
22... 
23... 
24... 
25.... 
26... 
27... 
28... 
29.... 

81.... 


Jan. 


4.5 

4.6 

4.0 

3. 66 

3.5 

3.83 

3.41 

5.16 

5.26 

4.68 

8.76 

3.33 

2.50 

3.16 

8.16 

2.83 

2.66 

2.83 

2.83 

3.00 

2.83 

2.83 

2.68 

2.41 

2.41 

2.41 

2.41 

2.50 

2.58 

2.58 

2.50 


Feb. 


2.41 
2.83 
2.25 
2.16 
2.08 
2.00 
2.00 
2.00 
2.08 
3.60 
6.00 
6.00 
6.66 
4.68 
4.33 
3.66 
3.33 
3.83 
3.83 
4.16 
6.66 
6.83 
6.16 
4.83 
3.33 
2.91 
2.33 
2.60 


Mar. 


8.16 
8.33 
8.60 
3.75 
4.08 
5.66 
7.66 
11.33 
12. 16 
10.83 
8.60 
9.83 
7.16 
7.00 
6.41 
6.83 
5.50 
6.U8 
4.83 
4.58 
4.50 
4.33 
4.50 
4.66 
5.50 
7.00 
6.38 
6.60 
4.91 
4.38 
4.00 


Apr. 


8.83 
8.66 
3.50 
3.25 
3.16 
3.0U 
2.91 
2.83 
2.75 
2.75 
2.83 
3.00 
3.25 
3. 66 
6.33 
7.58 
9.08 
9.08 
8.50 
7.50 
6.75 
8.60 
9.41 
9.58 
9.91 
9.00 
7.25 
6.00 
5.41 
5.00 


May. 


4.58 

4.50 

4.16 

8.83 

3.50 

8.16 

3.25 

3.33 

3.50 

3.60 

3.50 

3.08 

2.91 

2.75 

2.60 

2.60 

Z33 

2.33 

2.83 

6.33 

16.83 

25.68 

21.41 

15.25 

11.83 

11.83 

11.66 

9.50 

7.91 

7.00 

7.60 


June. 


9.50 
9.66 
9.16 
8.58 
8.41 
7.91 
6.75 
6.00 
6.50 
5.00 
4.66 
4.00 
3.75 
3. 66 
8. 66 
3.58 
3.41 
3.16 
3.00 
3.60 
3.41 
3.08 
2.83 
2.60 
2.60 
2.66 
2.68 
2.66 
2.41 
2.75 


July. 


Aug. 


2.68 
2.41 
2.33 
2.26 
2.00 
2.00 
1.83 
1.83 
1.75 
1.66 
1.58 
1.50 
1.41 
1.41 
1.33 
1.38 
1.25 
1.10 
1.08 
1.08 
1.08 
1.08 
1.00 
1.08 
1.25 
1.41 
1.50 
1.50 
1.41 
1.16 
1.08 


1.08 

1.08 

1.33 

1.50 

1.66 

1.68 

1.60 

1.50 

1.08 

1.08 

1.08 

1.00 

1.00 

1.00 

1.00 

1.00 

1. 00 

1.00 

.91 

.91 

.83 

.83 

.76 

.76 

.75 

.75 

.66 

.66 

.68 

.50 

.41 


Sept. 


0.83 

.33 

.33 

.83 

.25 

.25 

.33 

.83 

.41 

1.00 

1.91 

1.50 

1.33 

1.26 

1.25 

1.16 

1.08 

1.08 

2.16 

4.08 

5.00 

5.60 

5.66 

4.83 

4.00 

3.41 

3.00 

2.58 

2.25 

2.08 


Oct. 


1.91 
1.88 
1.58 
1.58 
1.41 
1.41 
1.88 
1.33 
1.26 
1.33 
2.08 
4.91 
5.58 
5.08 
4.66 
4.16 
8.83 
3.66 
8.41 
8.00 
2.75 
2.50 
2.33 
2.16 
2.88 
3.58 
4.75 
4.83 
4.33 
4.00 
8.76 


Nov. 


6.08 
6.26 
5.41 
7.50 
7.66 
7.58 
7.16 
7,00 
6.50 
6.00 
6.50 
5.83 
4.66 
4.50 
4.00 
3.91 
3. 66 
8.50 
8.25 
3.16 
3.08 
3.25 
8.16 
3.00 
8.00 
2.83 
2  66 
2.58 
2.58 
2.50 


Deo. 


S.41 
2.SS 
2.50 
2.91 
3.60 
3.56 
3.58 
8.83 
8.00 
.3.00 
3.33 
4.00 
4.33 
5.75 
6.16 
6.33 
6.75 
5.16 
4.66 
4.33 
4.08 
8.83 
3.58 
8.50 
3.33 
8.08 
?.00 
8.00 
4.00 
3.66 
3.66 


Daily  gage  height,  in  feet,  of  Sneqaehanna  Biver  at  Harrinhnrg,  Pennsylvania,  for  1S95, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Ang. 

Sept. 

Oot. 

Nov. 

Dec. 

1 

3.92 
4.00 
4.25 
4.33 
4.33 
4.33 
4.33 
4.50 
4.75 
6.17 
7.42 
7.83 
8.50 
7.83 
6.75 
6.25 
5.75 
5.42 
6.00 
4.60 
4.42 
4.83 
4.00 
4.00 
3.33 
3.25 
3.08 
3.08 
3.08 
3.25 
3.00 

2.92 
2.83 
8.00 
3.00 
7.00 
5.67 
5.76 
5.67 
5.50 
5.60 
6.58 
5.92 
5.83 
6.83 
6.67 
6.68 
6.50 
5.60 
5.83 
5.25 
5.17 
5.08 
5.00 
4.92 
4.75 
4.58 
4.50 
4.76 

6.00 
8.68 
8.08 
10.50 
7.83 
7.67 
6.67 
6.25 
6.83 
6.17 
6.17 
6.33 
6.17 
6.00 
6.50 
6.75 
6.67 
6.33 
6.67 
6.50 
6.33 
5.17 
6.00 
5.00 
5.00 
6.83 
8  00 
9.00 
8.00 
7.17 
6.33 

6.75 
6.67 
6.17 
6.83 
6.67 
6.17 
6.00 
6.75 
8.08 
12.00 
13.67 
12.50 
10.92 
9.50 
10.00 
9.76 
8.76 
7.58 
6.67 
6.00 
6.50 
6.00 
4.58 
4.33 
4.00 
3.75 
3.58 
3.75 
3.75 
3.50 

8.42 
8.33 
3.25 
3.00 
2.75 
2.67 
2.50 
2.42 
2.25 
2.75 
3.00 
3.33 
3.67 
4.33 
4.33 
4.17 
4.08 
3.67 
3.50 
3.33 
3.17 
3.08 
2.92 
2.75 
2.58 
2.50 
2.50 
2.42 
2.42 
3.08 
3.00 

2.67 
2.58 
2.60 
2.25 
2.08 
1.92 
1.83 
1.75 
1.75 
1.58 
1.33 
1.42 
1.33 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.17 
1.00 
.75 
.75 
.75 
1.50 
1.50 
1.50 
2.00 
8.50 

2.83 

2.67 

2.92 

2.50 

2.25 

2.00 

1.92 

1.75 

1.68 

1.50 

1.50 

1.42 

1.33 

1.33 

1.25 

1.25 

1.08 

1.00 

.92 

.92 

.83 

.83 

.83 

.83 

.83 

.83 

.83 

.83 

.75 

.58 

.42 

0.58 

.67 

.67 

.67 

.58 

.50 

.50 

.83 

.75 

1.00 

1.08 

1.08 

1.08 

.92 

1.33 

1.33 

1.08 

1.00 

1.00 

.92 

.83 

.58 

.50 

.50 

.42 

.33 

.33 

.33 

.83 

.83 

.50 

0.75 
.75 
.67 
.67 
.68 
.58 
.76 
.75 
.67 
.50 
1.00 
1.60 
1.68 
1.42 
1.00 
.83 
.67 
.58 
.67 
.67 
.67 
.58 
.58 
.58 
.58 
.50 
.50 
.42 
.42 
.42 

0.42 
.42 
.83 
.33 
.83 
.33 
.33 
.25 
.25 
.21 
.21 
.21 
.33 
.29 
.29 
.25 
.25 
.42 
.58 
.50 
.42 
.42 
.83 
.26 
.25 
.21 
.18 
.06 
.08 
.04 
.04 

0.21 
.21 
.26 
.25 
.33 
.38 
.38 
.42 
.42 
.42 
.42 
.46 
.50 
.58 
.58 
.68 
.67 
.83 
1.00 
1.00 
.92 
.79 
.67 
.75 
.75 
.75 
.75 
2.67 
2.83 
2.83 

3.08 

2 

3.08    , 

8 

2.75    ' 

4 

2.50    1 

6 

2.25 
2.00 
1.92 
1.92 
1.92 
1.83 
.50 
1.60 
.96 
.75 
1.00 
1.00 
1.33 
1.83 
L83 
1.33 
1.50 
1.83 
2.00 
2.67 
2.75 
2.83 
3.38 
3.50 
6.08 
5.67 
5.67 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

31 
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Jknlff  gage  'MgXt,  in  feti,  of  8u9quehamna  Biter  at  Harrishurg,  Penneylvamia,  far  1896, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

jmy. 

Ang. 

Sept. 

Oct. 

ITor. 

Deo. 

1 

9.92 
9.17 
8.42 
6.50 
5.08 
4.00 
8.83 
8.00 
4.67 
4.38 
4.06 
4.00 
3.92 
4.00 
8.83 
3.83 
3.76 
3.58 
8.67 
4.00 
3.67 
3.50 
8.60 
8.50 
4.00 
7.25 
7.83 
6.17 
6.00 
5.75 
5.42 

i.60 
8.75 
3.58 
3.58 
8.50 
4.00 
11.50 
12.60 
10.33 
8.50 
6.83 
5.38 
4.92 
4.25 
8.75 
8.75 
3.83 
3.58 
2.92 
3.00 
2.33 
8.67 
5.42 
5.42 
3.42 
8.50 
3.67 
8.17 
8.17 

7.17 
9.17 
9.75 
8.42 
7.17 
5.50 
5.0O 
4.75 
4.50 
4.83 
5.08 
4.67 
4.00 
3.50 
2.67 
2.67 
2.33 
2.50 
8.17 
4.00 
6.00 
6.75 
5.75 
6.25 
5.58 
5.00 
5.25 
6.06 
6.50 
9.25 
12.50 

14.58 
14.58 
18.75 
12.83 
10.50 
8.88 
7.25 
6.50 
6.17 
5.83 
5.60 
5.50 
6.00 
6.42 
8.00 
8.42 
8.17 
7.33 
6.83 
6.83 
5.75 
6.26 
4.83 
4.58 
4.33 
4.08 
4.00 
8.58 
3.42 
8.25 

3.00 
3.00 
2.83 
2.83 
2.67 
2.50 
2.42 
2.17 
2.08 
2.00 
2.00 
1.92 
L75 
1.67 
1.67 
1.75 
1.58 
1.50 
1.50 
1.60 
1.50 
1.42 
1.42 
1.42 
1.88 
1.25 
1.17 
1.25 
1.50 
1.50 
1.50 

1.50 
1.50 
1.75 
1.83 
1.67 
L67 
1.67 
1.58 
1.42 
1.75 
2.50 
2.58 
8.42 
8.25 
2.92 
2.58 
2.58 
2.83 
2.67 
3.00 
8.17 
8.00 
2.42 
2.83 
2.26 
2.67 
4.75 
4.00 
8.60 
3.08 

2.67 
2.42 
2.08 
1.83 
1.75 
1.67 
2.17 
2.00 
1.92 
2.38 
2.75 
2.75 
2.50 
2.17 
2.00 
1.83 
1.67 
1.58 
1.67 
1.67 
1.92 
1.67 
1.58 
1.67 
1.67 
1.75 
1.92 
2.50 
2.60 
8.75 
4.33 

4.67 

4.83 

8.88 

8.75 

3.67 

8.58 

2.50 

2.33 

2.33 

2.26 

2.26 

2.00 

1.83 

1.67 

1.67 

1.58 

1.58 

1.58 

1.83 

1.25 

1.00 

.88 

.88 

.83 

.83 

.75 

.75 

.67 

.58 

.50 

.33 

0.33 
.83 
.33 
.83 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.26 
.33 
.33 
.33 
.50 
.50 
.58 
.58 
.67 
.88 
1.17 
1.17 
.92 
.75 
.58 
.50 
.42 
.83 

6.42 
4.25 
4.00 
3.17 
2.67 
2.08 
1.83 
1.67 
1.50 
1.50 
1.50 
1.50 
1.92 
7.33 
7.00 
9.50 
7.67 
5.58 
4.83 
4.08 
3.68 
8.42 
8.25 
8.00 
8.00 
8.00 
2.75 
2.67 
2.50 
2.42 
2.25 

2.08 
L92 
1.83 
1.83 
1.88 
7.26 
10.08 
7.75 
6.60 
5.67 
4.75 
4.42 
4.17 
4.00 
3.83 
3.67 
8.50 
8.38 
3.17 
8.00 
2.83 
2.67 
2.68 
2.50 
2.50 
2.33 
2.33 
2.42 
2.67 
3.50 

3.92 
3.92 
8.83 
8.33 
3.00 
2.75 
2.67 
2.60 
2.50 
2.67 
8.42 
8.75 
4.00 
4.25 
3.83 
3.67 
8.42 
3.08 
2.92 
2.58 
2.33 
2.00 
2.00 
1.60 
1.50 
1.60 
1.60 
1.50 
1.83 
1.58 
1.75 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

u 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Daily  gage  height,  in  feei,  of  Suequehanna  Biver  at  Harrishurg,  Pennsylvania,  for  1897 


Day. 

Jan. 

1.83 
2.00 
2.00 
2.08 
2  60 
3.00 
8.67 
3.67 
8.67 
3.33 
8.08 
2.83 
2.42 
2.00 
2.00 
2.00 
2.00 
2.17 
2.33 
2.00 
1.83 
1.83 
1.92 
1.67 
1.67 
.50 
3.33 
3.33 
3.00 
8.25 
8.33 

Feb. 

Mar. 

Apr. 

May. 

3.08 
3.08 
5.50 
6.50 
7.60 
7.08 
7.00 
6.33 
5.50 
4.83 
4.50 
4.00 
4.00 
6.00 
7.75 
7.92 
7.33 
6.50 
5.75 
5.00 
4.25 
4.00 
3.68 
3.50 
3.75 
3.76 
3.60 
3.58 
3.92 
3.50 
3.25 

June. 

July. 

Aug. 

4.00 
4.83 
3.8:j 
3.25 
2.83 
2.67 
2.42 
2.67 
2.50 
2.08 
2.08 
2.00 
1.83 
1.76 
1.58 
1.58 
1.60 
1.50 
1.42 
1.42 
1.33 
1.17 
1.17 
1.25 
1.67 
2.67 
2.08 
1.76 
1.58 
1.60 
1.33 

Sept. 

Oct. 

Nov. 

0.67 
1.17 
3.08 
4.08 
3.50 
3.08 
3.00 
2.76 
2.50 
2.50 
2.67 
2.67 
2.50 
2.50 
2.50 
2.50 
2.50 
2.67 
2.92 
3.42 
3.25 
8.17 
2.83 
2.50 
2.50 
2.50 
2.33 
2.50 
3.60 
4.92 

Dec. 

1 

3.33 
3.17 
3.17 
8.17 
3.08 
3.00 
4.25 
7.60 
6.58 
5.42 
4.83 
4.60 
8.92 
8.83 
3.83 
3.50 
3.60 
3.33 
8.58 
4.08 
4.00 
4.25 
5.92 
7.92 
7.50 
6.50 
6.50 
4.60 

4.25 
8.67 
3.25 
8.83 
4.92 
5.92 
7.67 
8.58 
8.00 
6.92 
6.60 
7.25 
8.67 
8.42 
7.76 
7.00 
6.92 
5.50 
5.00 
5.33 
7.42 
8.25 
9.75 
9.60 
10.17 
11.50 
10.67 
&00 
7.42 
6.33 
5.58 

5.00 
4.67 
4.33 
4.17 
4.00 
8.83 
3.75 
3.75 
3.75 
5.92 
9.00 
9.50 
8.00 
6.83 
6.00 
6.00 
6.68 
7.00 
6.68 
6.00 
6.50 
4.92 
4.60 
4.17 
3.83 
3.67 
3.58 
3.60 
8.33 
8.17 

2.92 
2.83 
2.67 
2.58 
2.67 
8.00 
2.67 
2.50 
2.67 
2.67 
2.67 
2.67 
3.00 
3.50 
3.25 
2.92 
2.67 
.2.50 
2.26 
2.17 
2.17 
2.17 
2.00 
1.83 
1.75 
1.75 
1.67 
1.58 
1.58 
1.50 

1.33 
1.25 
1.25 
1.25 
1.25 
1.42 
1.42 
1.25 
1.25 
1.17 
1.08 
1.00 
1.08 
1.00 
1.00 
1.17 
1.17 
1.08 
1.08 
1.50 
1.50 
1.33 
1.33 
1.68 
1.75 
1.75 
2.17 
3.83 
4.50 
4.08 

1.25 

1.08 

1.00 

1.00 

1.00 

.92 

.83 

.83 

.83 

.83 

.75 

.67 

.67 

.67 

.50 

.58 

.67 

.75 

.75 

.67 

.58 

.68 

.58 

1.00 

1.50 

1.50 

1.83 

1.92 

2.25 

2.00 

1.75 

1.50 

1.83 

1.17 

1.08 

1.00 

1.00 

.92 

.83 

.67 

.67 

.66 

.75 

.75 

.75 

.75 

.67 

.67 

.58 

.58 

.50 

.58 

.76 

.75 

1.00 

1.00 

1.00 

.92 

.83 

.75 

.75 

5.00 
4.50 
4.00 
3.75 
3.33 
4.75 
5.17 
5.08 
5.42 
4.92 
4.33 
4.17 
4.17 
4.33 
4.58 
6.58 
7.67 
8.17 
7.33 
6.83 
6.58 
5.00 
4.08 
3.83 
3.42 
2.83 
2.76 
2.67 
2.67 
2.58 
2.50 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


ROWLAITDSVILLB  STATION  ON  OCTORARO  GREEK. 

This  station,  described  on  page  16  of  the  Eighteenth  Annual  Beport 
of  this  Survey,  Part  IV,  was  established  JS^ovember  21,  1896,  at  the 
wagon  bridge  in  the  village  of  Bowlandsville,  Maryland.  A  wire  gage 
was  attached  to  the  floor  timber  on  the  upper  side  of  the  bridge.  The 
observer  is  Hugh  W.  Caldwell.  The  bench  mark  for  the  gage  is  a  cross 
cut  in  top  of  capstone  on  the  lower  side  of  the  bridge  abutment  on  the 
left  bank  of  the  stream,  and  is  18.83  feet  above  the  zero  of  the  gage. 
Observations  of  height  of  water  were  begun  at  this  point  on  November 
22, 1896,  the  height  during  the  remainder  of  that  year  ranging  from  3 
to  3.20  feet,  except  in  the  case  of  a  flood  on  November  29  rising  to  4.30 
feet.  The  following  measurements  have  been  made  by  Hugh  W. 
Caldwell: 

November  21,  1896,  gage  height,  3.00  feet;  disoharge,  138  seoond-feet. 
January  23,  1897,  gage  height,  3.42  feet;  discharge,  248  secoud-feet. 
July  21,  gage  height,  3.45  feet ;  discharge,  264  second-feet. 
August  16,  gage  height,  3.10  feet;  discharge,  175  second-feet. 
August  31,  gage  height,  2.80  feet;  discharge,  138  seoond-feet. 
September  18,  gage  height,  2.90  feet;  discharge,  136  second-feot. 
October  22,  gage  height,  3.10  feet;  discharge,  138  second-feet. 
November  2,  gage  height,  6.00  feet;  discharge,  1,843  second-feet. 
November  3,  gage  height,  4.00  feet ;  discharge,  444  second-feet. 


Daily  gage  height ^  in  feet,  of  Ocioraro  Creek  at  Bowlandsville,  Maryland,  for  1897. 


Da  J. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
20. 
30. 
31. 


Jau. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

3.10 

3.20 

8.45 

3.30 

3.40 

3.40 

3.00 

3.10 

3.20 

3.60 

8.30 

3.40 

3.40 

3.00 

3.10 

4.80 

3.60 

8.30 

3.60 

8.40 

3.00 

8.10 

8.55 

8.60 

3.30 

8.50 

8.40 

3.00 

3.15 

8.45 

3.50 

3.30 

3.4C 

5.45 

3.00 

3.10 

8.68 

3.45 

8.30 

8.80 

3.70 

2.90 

3.10 

10.10 

3.40 

3.30 

3.30 

3.70 

2.90 

3.10 

9.20 

3.40 

8.30 

3.80 

3.45 

2.90 

3.10 

7.50 

3.30 

4.60 

3.20 

3.40 

2.90 

3.10 

5.40 

8.30 

5.50 

3.20 

8.30 

2.90 

3.10 

3.50 

3.30 

6.15 

8.20 

3.30 

2.90 

3.10 

3.35 

8.20 

6.65 

8.20 

3.30 

2.90 

8.10 

3.30 

8.20 

4.55 

4.85 

8.30 

2.90 

8.10 

3.30 

8.20 

3.85 

5.00 

3.20 

2.90 

8.10 

3.40 

8.20 

8.60 

5.00 

3.20 

2.90 

3.10 

4.55 

3.20 

3.60 

3.75 

3.20 

2.90 

3.10 

4.05 

3.20 

8.50 

3.65 

3.20 

2.90 

3.10 

3.55 

3.40 

3.45 

3.40 

3.20 

2.90 

3.10 

3.60 

4.15 

3.45 

3.30 

8.20 

3.10 

3.10 

8.40 

3.60 

3.40 

8.80 

3.20 

3.10 

6.70 

8.45 

3.40 

3.30 

3.40 

3.20 

8.75 

6.66 

3.45 

3.40 

3.30 

3.65 

3.20 

3.85 

4.45 

6.00 

3.40 

3.20 

3.40 

3.10 

3.55 

3.30 

8.80 

4.20 

3.20 

8.40 

3.10 

3.40 

3.20 

3.45 

3.95 

8.20 

5.05 

3.10 

3.30 

8.20 

3.35 

3.55 

3.20 

4.80 

8.10 

3.30 

3.20 

8.40 

3.40 

3.20 

3.90 

3.10 

4.25 

8.20 

3.40 

3.30 

3.20 

8.50 

3.10 

3.05 

8.20 

8.30 

3.20 

3.40 

8.00 

3.65 

8.20 

3.30 

3.20 

3.40 

8.00 

8.50 

8.20 

3.80 

3.40 

8.40 

Aug. 

Sept. 

Oct. 

Nov. 

1 

3.40 

2.80 

2.80 

8.10 

3.3U 

2.80 

2.80 

6.00 

3.30 

2.80 

2.80 

4.15 

3.30 

2.80 

2.80 

3.70 

3.30 

2.80 

2.80 

3.40 

3.20 

2.80 

2.80 

3.40 

3.20 

2.80 

2.80 

3.80 

3.20 

2.80 

2.80 

3.65 

3.30 

2.80 

2.80 

8.60 

3.30 

2.80 

2.80 

8.60 

5.10 

2.80 

2.90 

8.70 

3.40 

2.80 

2.85 

3.46 

8.30 

2.80 

2.80 

3.35 

3.20 

2.80 

2.80 

3.80 

3.10 

2.80 

2.80 

3.20 

3.10 

2.80 

2.80 

3.20 

3.10 

3.05 

2.80 

3.20 

3.00 

2.90 

2.80 

3.30 

2.90 

2.90 

2.90 

8.30 

2.90 

2.90 

2.90 

3.30 

3.05 

2.80 

3.00 

3.20 

3.05 

2.80 

3.05 

3.20 

3.00 

3.20 

3.20 

3.20 

3.00 

3.20 

8.20 

3.20 

3.00 

3.10 

8.20 

8.30 

3.00 

3.00 

3.20 

8.20 

2.90 

3.00 

3.20 

4.85 

2.00 

3.00 

3.10 

4.10 

2.80 

2.90 

3.10 

3.66 

2.80 

l80 

8.00 

3.40 

2.80 

3.00 

Deo. 


8.30 
3.40 
3.45 
8.60 
4.35 
3.70 
3.46 
3.30 
3.30 
3.30 
3.60 
8.40 
3.30 
4.65 
4.00 
3.05 
3.70 
3.60 
3.60 
8.50 
3.50 
3.40 
3.80 
3.30 
3.80 
3.85 
3.50 
8.60 
8.40 
3.40 
3.60 


CHESAPEAKE   BAY   WATERSHED. 
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WOODSTOCK  STATION  ON  PATAPSCO  RIVER. 

This  Station,  described  on  page  16  of  the  Eighteenth  Annual  Report, 
Part  lY,  is  located  on  the  county  bridge  on  the  road  from  Woodstock  to 
Granite,  Maryland,  a  mile  and  a  half  below  the  junction  with  the  North 
Branch.  The  pulley  of  the  wire  gage  is  fastened  to  the  floor  timber  of 
the  upper  side  of  the  bridge  40  feet  from  the  initial  point  established 
for  making  soundings.  The  scale  is  a  board  spaced  to  tenths  of  a  foot 
with  small  nails  and  nailed  to  the  guard  timber  of  the  bridge.  The 
channel  at  this  point  is  rough  and  rocky,  and  is  also  liable  to  change 
in  extreme  high  water.  The  bench  mark  is  a  United  States  Geological 
Surrey  standard  copper  bolt  set  in  the  face  of  the  retaining  wall  of  the 
entrance  to  the  college  grounds  at  the  north  end  of  the  bridge.  It  is 
22.06  feet  above  gage  datum.  The  gage  wire  was  renewed  October  14, 
1897.    The  observer  is  David  Donovan. 

The  following  measurements  were  made  by  E.  G.  Paul  in  1897 : 


Date. 

Gaee 
height. 

Dis- 
charge. 

Date. 

Gaffe 
height. 

Dit. 
charge. 

Date. 

Gage 
height. 

DU. 
charge. 

Feb.  10... 

A1.&T*  «7  - .  •  • 

Apr.  10... 
May  13... 

Fut, 

4.20 

4.10 

4.60 

7.30 

See.  ft. 
345 
297  ' 
582 

2,934 

July  13.... 
July  20.... 
July  22.... 
July  22.... 

Fwt. 

4.20 

3.80 

9.30 

8.10 

See,  ft. 

397 

239 

5,466 

4,139 

July  22... 
Got.  14  . . . 
Nov.  29... 
Dec.  15 . . . 

Feet. 

6.10 

3.35 

3.50 

4.70 

See./l. 

2,417 
151 
202 
714 

DaUjf  gage  height,  in  feet,  of  Patapeoo  Biver  at  Woodstock,  Maryland,  for  1897. 


1. 
2. 
8. 
4. 

5. 

6 

7. 

8. 

9. 
10 
11. 
12 
13 
U, 
U 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

ao 

81 


Jan. 

Feb. 
3.60 

Mar. 

Apr. 
3.85 

May. 

3.80 

4.05 

8.90 

3.70 

3.60 

4.05 

3.85 

4.00 

3.50 

5.00 

4.15 

3.90 

4.15 

3.60 

4.60 

4.05 

3.70 

4.30 

3.85 

4.70 

4.05 

4.70 

4.25 

3.00 

0.60 

4.15 

4.40 

4.10 

3.90 

6.45 

4.15 

4.15 

4.00 

3.85 

4.70 

4.05 

4.16 

4.00 

3.05 

4.50 

4.05 

4.80 

3.85 

3.85 

4.45 

4.05 

4.50 

3.85 

3.80 

4.20 

4.05 

4.50 

3.90 

3.85 

4.20 

4.00 

4.30 

4.16 

8.85 

4.05 

4.05 

4.10 

6.60 

3.80 

4.06 

4.06 

4.15 

5.00 

3.66 

4.20 

4.15 

4.30 

4.86 

3.70 

4.50 

4.15 

4.30 

4.85 

8.80 

4.30 

4.05 

4.10 

4.30 

8.86 

4.25 

3.95 

4.30 

4.20 

3.80 

4.05 

4.00 

4.05 

4.20 

3.76 

4.05 

4.76 

4.05 

4.20 

8.90 

4.55 

4.36 

3.90 

4.15 

4.45 

6.95 

4.15 

3.90 

4.15 

8.50 

6.80 

4.20 

3.90 

3.95 

8.95 

4.75 

4.40 

3.90 

5.77 

8.96 

4.40 

4.20 

3.85 

4.68 

4.06 

4.30 

4.10 

3.05 

4.20 

3.60 

4.35 

4.10 

3.00 

4.15 

3.60 

4.10 

4.05 

3.90 

4.15 

3.60 

3.95 

3.80 

4.05 

8.60 

8.90 

3.80 

:).85 

3.60 

8.95 

4.55 

June. 


July. 


4.05 
4.05 
4.20 
4.15 
5.06 
4.05 


4.15 
4.25 
4.00 
3.96 
3.95 
4.05 
3.95 
3.90 
3.90 
3.90 
8.95 
8.00 
3.90 
8.90 
3.75 
3.70 
3.75 
3.75 
3.80 
8.70 
3.80 
3.75 
3.70 


3.75 
3.75 
3.75 
3.70 
3.70 
3.75 
3.76 
3.90 
3.80 
3.65 
3.65 
7.05 
4.46 
4.25 
4.00 
3.70 
4.10 
4.15 
4.00 
3.90 
3.80 
7.50 
4.30 
8.90 
8.80 
3.80 
4.25 
6.65 
5.10 
4.10 
4.00 


Aug. 


3.85 
3.95 
3.95 
3.75 
3.70 
3.75 
3.70 
3.60 
3.65 
7.30 
4.55 
3.90 
3.90 
3.90 
3.80 
6.05 
4.00 
3.95 
3.85 
8.75 
8.70 
3.86 
4.00 
7.15 
4.00 
4.70 
4.00 
8.50 
3.25 
8.40 
3.45 


Sept. 


8.35 
3.26 
3.30 
8.20 
3.35 
8.30 
3.20 
3.05 
3.15 
3.15 
3.10 
2.95 
8.35 
8.20 
3.10 
8.15 
8.25 
8.45 
8.30 
3.30 
3.30 
3.20 
3.26 
8.30 
8.85 
3.25 
3.40 
3.20 
3.25 
3.20 


Oct. 


3.20 
3.25 
3  15 
3.15 
3.25 
3.20 
3.30 
3.05 
3.15 
8.00 
3.05 
3.05 
3.20 
3.40 
3.35 
3.30 
3.15 
3.35 
3.30 
3.35 
3.50 
8.35 
3.50 
3.15 
3.55 
8.70 
8.45 
3.40 
8.40 
3.85 
3.15 


Nov. 


3.80 
10.70 
3.75 
4.00 
3.85 
3.80 
3.70 
3.80 
4.10 
3.  SO 
3.80 
8.80 
3.70 
3.65 
3.80 
3.75 
3.70 
3.70 
8.65 
3.60 
3.60 
3.65 
3.85 
3.80 
8.60 
3.60 
4.65 
8.90 
8.85 
8.85 


Deo. 


8.80 
3.75 
3.76 
4.06 
5.00 
4.86 
4.10 
4.06 
3.05 
3.96 
3.96 
4.50 
4.10 
4.80 
6.66 
4.50 
4.30 
4.15 
4.06 
4.10 
4.00 
4.00 
8.90 
3.60 
3.90 
4.00 
4.00 
8.80 
3.80 
3.80 
8.00 


14 


OPERATIONS   AT   RIVER   STATIONS,  1897. 


LAUREL  STATION  ON  PATUXENT  RIYSB. 

This  station,  described  on  page  18  of  the  Eighteenth  Annual  Report 
of  this  Sarvey,  Part  IV,  was  established  Angust  3, 1896,  on  the  bridge 
on  the  main  cross  street  of  the  town  of  Laurel,  Maryland.  The  initial 
point  for  soundings  is  the  end  of  iron  truss,  upper  side.  A  wire  gage 
with  metal  weight  was  attached  to  the  lower  side  of  the  bridge,  the  scale 
being  a  14- foot  board  spaced  to  tenths  of  a  foot  with  small  nails  and 
fastened  to  the  floor  timber  of  the  bridge.  The  bench  mark  is  a  copper 
bolt  set  in  large  capstone  of  the  retaining  wall  on  the  lower  side  of  the 
bridge  abutment  on  the  left  bank  of  the  stream.  It  is  21.22  feet  above 
zero  of  gage  height.  The  flow  of  water  past  this  station  in  time  of  dry 
weather  is  confined  to  certain  hours  of  the  day,  owing  to  a  dam  at  the 
large  cotton  mill  situated  about  1  mile  up  the  stream  from  the  station. 
The  observer  is  John  H.  Phair. 

The  following  discharge  measurements  were  made  by  E.  G.  Paul  and 
others  during  1897 : 

Febraary  11,  gage  height,  5.40  feet ;  discharge,  184  seoond-feet. 
February  23,  gage  height,  8.50  feet ;  discharge,  612  second-feet. 
March  12,  gage  height,  4.40  feet;  discharge,  155  second-feet. 
May  25,  gage  height,  8.70  feet ;  discharge,  734  second-feet. 
Jaly  13,  gage  height,  7.85  feet;  discharge,  539  second-feet. 
Jnly  22,  gage  height,  13.70  feet;  discharge,  6^144  second-feet. 
September  3,  gage  height,  4.10  feet;  discharge,  63  second-feet. 

Daily  gage  height,  in  feet,  of  Patuxent  River  at  Laurel,  Maryland,  for  1897, 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
20. 
80. 
81. 


Jan. 

Feb. 

Mar. 

Apr. 

5.00 

5.15 

6.15 

4.65 

4.90 

5.75 

5.05 

4.65 

3.00 

9.10 

5.00 

4.60 

4.75 

7.50 

4.85 

4.60 

4.70 

6.30 

5.00 

5.20 

4.75 

9.05 

5.10 

5.30 

4.55 

10.80 

(a) 

4.95 

4.45 

7.95 

(a) 

4.85 

4.05 

5.50 

(a) 

6.50 

3.75 

5.25 

(a) 

6.35 

4.20 

6.30 

(a) 

5.00 

4.45 

6.30 

4.50 

5.00 

4.60 

6.30 

4.95 

4.05 

4.90 

5.10 

4.75 

4.90 

5.15 

6.30 

5.20 

4.85 

4.25 

6.35 

4.70 

5.05 

3.70 

6.36 

4.95 

4.96 

4.25 

5.35 

5.46 

4.76 

4.76 

5.15 

5.45 

4.75 

4.66 

6.05 

5.65 

4.65 

4.70 

4.80 

5.50 

4.66 

5.20 

8.65 

5.20 

4.80 

5.00 

9.10 

5.00 

4.45 

4.25 

6.55 

5.06 

3.00 

4.00 

6.60 

5.15 

4.40 

4.75 

5.30 

4.95 

4.55 

6.00 

5.20 

4.70 

4.60 

4.05 

4.85 

4.50 

4.60 

5.20 

4.75 

4.80 

6.20 

4.80 

4.56 

4.25 

4.50 

May. 


4.86 
6.75 
4.85 
4.85 
4.75 
4.80 
4.75 
4.45 
4.25 
4.65 
4.70 
4.85 
7.65 
7.35 
5.85 
5.40 
4.85 
5.00 
4.80 
4.60 
4.80 
5.05 
4.50 
5.30 
0.75 
6.25 
5.80 
4.90 
4.66 
4.85 
4.80 


Jane. 

July. 

Ang. 

Sept.' 

Oct. 

Nov. 

4.80 

4.50 

5.60 

4.20 

4.16 

4.65 

4.80 

4.36 

6.05 

4.20 

4.25 

10.60 

4.80 

3.80 

4.76 

4.20 

3.25 

6.80 

5.05 

6.60 

4.60 

4.00 

4.45 

6.35 

5.10 

3.55 

4.85 

4.00 

4.80 

4.95 

4.45 

3.85 

4.65 

4.00 

4.10 

4.85 

4.75 

8.80 

4.30 

4.00 

3.60 

4.66 

4.76 

4.66 

4.30 

3.96 

4.30 

6.00 

5.00 

4.46 

4.40 

8.95 

4.25 

6.65 

4.75 

4.40 

4.40 

3.80 

8.45 

6.76 

4.55 

3.70 

4.85 

3.80 

4.46 

4.95 

4.20 

4.60 

4.35 

4.16 

4.60 

6.00 

4.20 

8.10 

4.30 

4.25 

4.60 

4.96 

4.50 

5.05 

4.20 

4.66 

4.66 

4.45 

4.70 

4.60 

4.20 

4.06 

4.25 

6.00 

4.00 

4.25 

8.16 

8.60 

4.16 

4.90 

4.60 

4.25 

4.60 

8.80 

8.15 

4.70 

4.45 

4.80 

4.35 

4.60 

4.35 

4.90 

4.30 

5.55 

4.80 

8.80 

4.25 

4.75 

4.15 

6.00 

4.20 

4.15 

4.15 

4.75 

4.55 

4.75 

4.16 

4.85 

4.75 

4.40 

4.40 

12.26 

7.30 

4.80 

4.45 

4.70 

4.45 

6.45 

4.60 

4.50 

4.45 

4.76 

4.40 

6.50 

4.70 

6.00 

3.95 

4.65 

4.00 

4.95 

4.45 

4.60 

4.66 

4.45 

4.86 

6.15 

6.90 

8.90 

4.90 

4.80 

8.70 

5.45 

4.45 

4.50 

4.70 

9.60 

4.55 

9.20 

4.36 

4.26 

4.70 

6.45 

4.60 

5.90 

4.20 

4.30 

4.46 

6.80 

4.40 

5.30 

4.20 

4.15 

4.45 

4.96 

4.05 

4.90 

8.60 

Deo. 


4.96 
4.00 
4.86 
5.60 
7.80 
5.06 
6.85 
5.10 
5.15 
4.85 
4.85 
4.80 
5.15 
5.65 
8.70 
6.05 
5.60 
4.35 
4.90 
5.00 
4.96 
6.15 
6.00 
6.15 
6.10 
6.26 
4.05 
4.60 
4.75 
5.00 
4.96 


a  Gage  down. 


DRAINAGE   BASIN   OF   THE   POTOMAC   RIVEB. 
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CUMBERLAND  STATION  ON  POTOMAC  RIVER. 

This  station,  described  on  page  22  of  the  Eighteenth  Annual  Bex)OTt 
of  this  Survey,  Part  17,  is  1,000  feet  below  the  month  of  Wills  Creek 
at  Cnmberland,  Maryland.  The  river  gage  consists  of  a  vertical  rod 
10  feet  long,  bolted  to  the  east  side  of  the  abutment  of  the  head  gate 
of  the  eastern  feeder  of  the  Chesapeake  and  Ohio  Oanal  just  above  the 
dam.  The  top  of  the  rod,  or  the  10-foot  mark,  is  5.40  feet  below  the  top 
of  the  abutment.  Measurements  of  the  river  are  made  from  the  West 
Virginia  Central  Bailroad  bridge,  about  200  yards  below  the  dam  across 
the  Potomac.  At  high  water  the  section  is  fairly  smooth  and  the 
velocity  high.  At  low  water,  rocks,  riffles,  and  angular  currents  appear. 
Measurements  of  the  canal  feeders  have  also  been  made  near  the  head 
gates. 

The  following  discharge  measurements  were  made  by  A.  P.  Davis, 
E.  G.  Paul,  and  O.  H.  Matthes  during  1897 : 

February  10,  gage  height,  3.75  feet;  diftoharge,  1,307  second-feet. 
March  27,  gage  height,  3.93  feet ;  discharge,  1,995  second-feet. 
Jane  25,  gage  height,  3.00  feet;  discharge,  425  second-feet. 
September  1,  gage  height,  2.60  feet;  discharge,  86  second- feet. 
September  22,  gage  height,  2.70  feet;  discharge,  92  second-feet. 

Daily  gage  heigh  tj  in  feet,  of  Potamdo  River  at  Cumberland,  Maryland,  for  1897. 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

ao. 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
81. 


Jan. 


Feb.  'Mar. 


3.20 
3.20 
8.30 
8.30 
4.00 
4.00 
3.70 
3.40 
3.30 
3.40 
3.20 
8.20 
3.20 
3.20 
3.20 
3.20 
8.40 
8.70 
3.60 
3.40 
3.40 
3.50 
3.40 
3.40 
3.30 
8.30 
8.30 
8.30 
8.30 
8.30 
3.30 


3.40 
3.60 
8.60 
8.40 
3.40 
8.60 
4.50 
4.20 
4.00 
3.70 
3.60 
8.50 
3.70 
4.00 
4.20 
4.70 
4.60 
6.00 
4.80 
8.50 
3.60 
10.60 
8.70 
6.20 
5.10 
4.50 
4.30 
4.00 


4.00 
8.80 
3.00 
5.20 
4.00 
6.00 
6.00 
4.40 
4.60 
4.20 
4.00 
4.00 
3.90 
3.80 
4.00 
3.80 
3.70 
4.00 
4.50 
4.80 
4.60 
4.20 
4.00 
4.20 
4.10 
4.00 
3.90 
3.80 
3.70 
3.60 
3.60 


Apr. 

May. 

Jnne. 

July. 
2.70 

Aug. 

Sept. 

3.60 

3.50 

2.90 

3.00 

2.60 

3.40 

7.60 

2.80 

2.70 

8.00 

2.50 

3.40 

5.50 

2.80 

2.70 

2.90 

2.50 

3.70 

5.00 

2.80 

2.70 

2.90 

2.50 

3.80 

4.60 

2.80 

2.70 

3.50 

2.40 

3.70 

4.10 

2.80 

2.60 

8.20 

2.40 

3.60 

4.10 

2.80 

2.60 

8.10 

2.20 

6.20 

8.90 

2.80 

2.70 

3.20 

1.90 

6.40 

8.70 

2.90 

2.70 

8.10 

1.80 

4.60 

3.70 

2.70 

2.70 

3.00 

1.80 

4.60 

3.60 

2.70 

2.80 

8.00 

1.70 

4.10 

4.00 

2.70 

2.90 

2.90 

1.60 

4.00 

4.40 

2.60 

2.90 

2.90 

1.50 

3.80 

5.40 

2.50 

2.80 

2.80 

L40 

3.90 

4.60 

2.60 

2.80 

3.00 

1.30 

3.90 

4.30 

3.00 

2.80 

3.00 

1.20 

3  70 

3.90 

3.00 

2.70 

2.90 

1.20 

3.70 

3.80 

2.90 

2.80 

2.80 

3.20 

3.60 

3.70 

2.90 

2.80 

2.90 

3.00 

3.70 

3.60 

2.90 

2.90 

2.00 

2.90 

3.50 

3.30 

8.00 

3.20 

2.90 

2.80 

3.30 

8.80 

8.00 

3.00 

2.90 

2.70 

3.30 

3.80 

2.90 

3.00 

2.90 

2.60 

3.30 

3.00 

2.90 

3.00 

2.90 

2.80 

3.20 

3.00 

3.00 

3.00 

2.90 

3.00 

3.10 

3.00 

2.90 

2.90 

3.00 

3.00 

3.00 

3.00 

2.90 

3.20 

3.00 

2.90 

3.00 

3.00 

2.90 

8.10 

3.00 

2.80 

3.00 

2.90 

2.90 

3.10 

2.90 

2.80 

2.90 

2.90 

2.80 

3.10 

2.80 

2.70 

2.90 

8.00 

2.60 

0<5t.  'Nov. 


2.20 
2.00 
1.90 
1.70 
1.70 

i.no 

1.50 
1.40 
1.40 
1.60 
1.30 
1.30 
1.30 
1.40 
1.50 
1.60 
1.40 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 
1.50 
1.60 
1.60 
1.70 
1.70 
2.40 
2.70 
2.70 


2.80 
3.00 
3.00 
3.10 
8.00 
2.90 
2.00 
3.00 
4.00 
8.40 
3.40 
3.30 
3.20 
8.20 
3.50 
3.50 
3.40 
3.30 
3.80 
3.20 


Dec. 
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OPERATIONS   AT   BIV£B   STATIONS,  1897. 


SHABPSBUSa  STATION  ON  ANTIETAM  GBEEK. 

The  station  is  at  Myers's  mill,  1  mile  east  of  Sharpsbarg,  Maryland, 
on  the  road  to  KeedysviUe,  Maryland.  It  was  established  on  Jane  24, 
1897,  by  Arthnr  P.  Davis.  The  observer  is  Evans  M.  Myers,  a  farmer 
living  near  the  bridge.  The  equipment  consists  of  a  three-quarters 
inch  steel  cable  with  85-foot  span  supported  by  large  trees.  The  gage 
is  driven  into  the  gravel  of  the  stream  bed  and  bolted  to  an  overhang- 
ing tree.  The  initial  point  for  soundings  is  on  the  left  bank.  The  chan- 
nel both  above  and  below  the  station  is  nearly  straight  for  300  feet,  and 
the  water  moves  with  moderate  velocity.  The  right  bank  is  low  and 
liable  to  overflow;  the  left  is  high  and  rocky.  A  measurement  on 
June  24, 1897,  with  a  gage  height  of  2.00  feet,  gave  a  discharge  of  251 
second-feet;  July  2,  with  a  gage  height  of  2.05  feet,  gave  a  discharge 
of  240  second-feet;  September  3,  with  a  gage  height  of  1.60  feet,  gave 
a  discharge  of  122  second-feet;  October  12,  with  a  gage  height  of  1.70 
feet,  gave  a  discharge  of  120  second-feet. 


Daily  gage  height,  in  feet,  of  Antietam  Creek  at  Sharpaburg,  Maryland,  from  July  to 

December,  1897. 


Day. 

July. 

Aug. 

S«pt 

Got. 

Nov. 

Dec. 

Day. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec 

1 

1.90 

1.60 

1.70 

1.50 

1.45 

1.70 

17 

1.75 

1.80 

1.60 

1.60 

1.70 

2.20 

2 

2.10 

1.70 

1.70 

1.60 

2.70 

1.60 

18 

1.70 

1.70 

1.60 

1.40 

1.60 

2.10 

3 

1.85 

1.70 

1.60 

1.40 

2.05 

1.60 

19 

1.75 

1.60 

1.60 

1.50 

1.50 

2.00 

4 

1.70 

1.75 

1.60 

1.60 

1.90 

1.70 

20 

1.75 

1.50 

1.50 

1.70 

1.60 

2.10 

5 

1.75 

l.flO 

1.50 

1.70 

1.60 

2.25 

21 

1.85 

1.60 

1.60 

1.70 

1.70 

2.00 

6 

1.80 

1.70 

1.70 

1.60 

1.60 

2.t5 

22 

1.85 

1.55 

1.60 

1.60 

1.60 

2.00 

7 

1.70 

1.70 

1.70 

1.70 

1.70 

2.05 

2:j 

1.70 

1.60 

1.70 

1.60 

1.50 

2.10 

8 

1,70 

1.50 

1.60 

1.60 

1.75 

2.00 

24 

1.70 

3.00 

1.90 

1.65 

1.70 

2.50 

9 

1.70 

1.40 

1.65 

1.50 

1.80 

1.80 

25 

1.65 

2.90 

1.80 

1.65 

1.80 

2.20 

10 

1.70 

1.70 

1.60 

1.40 

1.60 

1.90 

26 

1.65 

2.00 

1.50 

1.80 

1.80 

2.00 

11 

1.55 

1.90 

1.60 

1.50 

1.55 

1.90 

27 

1.75 

1.75 

1.70 

1.70 

1.90 

2.00 

12 

1.75 

1.85 

1.50 

1.60 

1.50 

1.90 

28 

1.80 

1.70 

1.60 

1.60 

2.00 

1.90 

13 

1.95 

1.60 

1.40 

1.70 

1.60 

2.05 

29 

1.86 

1.55 

1.60 

1.60 

1.90 

1.80 

14 

1.80 

1.70 

1.50 

1.50 

1.40 

2.00 

30 

1.80 

1.80 

L50 

1.60 

1.80 

1.80 

16 

1.80 

2.45 

1.60 

1.60 

1.50 

2.35 

31 

1.70 

1.70 

1.50 

LOO 

16 

1.80 

1.90 

1.70 

1.66 

1.75 

2.40 

DRArNAGE    BASIN    OF    THE    POTOMAC    EIVER.  17 

PORT  REPUBLIC  STATION  ON  NORTH  AND   SOUTH  RIVERS. 

This  locality  is  described  in  the  Eighteenth  Annual  Eeport  of  this 
Survey,  Part  IV,  page  25.  The  gage  for  the  North  Eiver  is  located  on 
the  county  highway  bridge  at  Port  Republic,  Virginia,  and  500  feet 
above  the  mouth  of  South  Biver.  A  painted  rod  is  fastened  to  the  third 
panel  of  the  first  span  on  the  lower  side  of  the  bridge.  It  is  nailed  to 
the  wooden  uprights  and  fastened  by  wire  to  the  iron  diagonals.  The 
zero  of  the  rod  is  opposite  the  middle  of  the  third  upright,  and  is  4.50 
feet  from  the  outside  edge  of  the  pulley.  The  distance  from  the  end  of 
the  weight  to  the  marker  is  31.98  feet.  From  the  top  of  the  lower  end 
of  the  third  floor  beam  from  the  right  bank  to  the  zero  of  the  gage  is 
24.97  feet.  The  bridge  seat  on  lower  end  of  right-bank  abutment  is 
24.60  feet  above  the  datum  of  gage. 

The  gage  for  the  South  Biver  is  located  on  the  county  iron  bridge, 
just  east  of  the  town,  and  300  feet  above  the  month  of  North  Eiver. 
It  is  a  wire  gage.  The  edge  of  the  pulley  is  2.54  feet  from  the  north 
edge  of  the  third  vertical.  The  marks  on  the  gage  are  made  by  tacks 
driven  into  the  rail  on  the  upper  side  of  the  bridge  at  the  fourth  panel. 
The  zero  is  L  foot  from  the  edge  of  the  pulley.  The  distance  from  the 
bottom  of  the  weight  to  the  wire  marker  or  zero  point  is  26.12  feet. 
The  top  of  the  third  floor  beam  from  right  bank,  upper  side  of  bridge, 
is  22.52  feet  above  gage  datum.  The  zero  of  Korth  Eiver  gage  is  2.56 
feet  below  the  zero  of  South  Eiver  gage.    The  observer  is  T.  S.  Davis. 

All  gagings  of  South  Eiver  include  discharge  of  mill  race. 

The  following  dicharge  measurements  were  made  by  D.  O.  Hum- 
phreys and  O.  H.  Matthes  during  the  year  1897 : 

On  North  River: 

March 23,  gage  height^  3.54 feet;  diHoharge,  1,466 seoond-feet. 
April  19,  ^age  height,  2.60  feet;  discharge,  712  second-feet. 
Jane  1,  gage  height,  2.60  feet;  discharge,  552  second-feet. 
Jaly  24,  gage  height  2.30  feet;  discharge,  431  second-feet. 
November  7,  gage  height,  2.00  feet;  discharge,  245  secoud-feet. 
On  South  River : 

March  23,  gage  height,  2.30  feet ;  discharge,  426  second- feet. 
April  19,  gage  height,  1.88  feet;  discharge,  202  second-feet. 
Jane  1,  gage  height,  1.87  feet;  discharge,  182  second-feet. 
July  24,  gage  height,  1.40  feet;  discharge,  132  second-feet. 
Novemher  7,  gage  height,  1.80  feet;  discharge,  173  second-feet. 

IBB  15—2 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


Daily  gage  hMgkt,  in  feet,  of  North  River  at  Port  Republic,  Virgivia,  far  t897. 


Day. 


Jan. 


1. 

2. 

3.. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12.. 
18. 
14. 
15.. 
16. 
17. 
18. 
19. 
20. 
21.. 
22. 
%\. 
24. 
25. 
26. 
27. 
28. 
29.. 
30. 
31. 


2.85 
2.85 
2.35 
2.35 
2.35 
2.80 
2.30 
2.30 
2.80 
2.30 
2.30 
2.30 
2.30 
2.30 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.35 


Feb. 


2.35 
2.35 
2.35 
2.35 
2.35 
2.55 
7.00 
5.50 
4.80 
4.30 
4.00 
3.90 
5.45 
4.70 
5.00 
5.30 
5.20 
4.60 
4.50 
4.30 
4.20 
4.80 
0.85 
6.70 
5.40 
4.50 
4.40 
3.80 


Mar.  I  Apr. 


3.60 
3.50 
3.40 
3.40 
3.35 
3.30 
3.30 
3.30 
3.25 
3.25 
3.25 
3.25 
3.20 
3.30 
3.50 
3.50 
3.70 
3.70 
3.70 
3.70 
3.00 
3.60 
3.35 
3.40 
3.30 
3.20 
3.10 
3.00 
2.90 
2.80 
2.70 


2.70 
2.70 
2.60 
2.60 
2.60 
2.90 
2.90 
2.90 
2.90 
3.00 
3.00 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.80 
2.65 
2.60 
2.55 
2.50 
2.50 
2.50 
2.60 
2.60 
2.45 
2.46 
2.45 
2.40 


May. 


2.40 
11.50 
7.30 
5.16 
4.30 
3.80 
8.50 
3.30 
3.10 
8.00 
3.00 
3.00 
4.90 
7.50 
5.20 
4.40 
4.00 
3.60 
8.45 
3.25 
3.15 
3.10 
3.00 
2.95 
2.90 
2.85 
2.80 
2.75 
2.70 
2.66 
2.60 


Jime. 


2.60 
2.55 
2.50 
2.50 
3.00 
2.85 
2.60 
2.55 
2.60 
2.50 
2.45 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.50 
2.46 
2.40 
2.40 
2.40 
2.40 
2.40 
2.35 
2.36 
2.35 
2.85 


July. 


2.35 
2.45 
2.45 
2.40 
2.36 
2.25 
2.20 
2.40 
2.80 
2.20 
2.16 
2.50 
2.40 
2.40 
2.80 
2.20 
2.20 
2.15 
3.60 
3.60 
2.50 
2.40 
2.35 
2.35 
2.80 
2.25 
2.20 
2.15 
2.15 
2.15 
2.15 


2.15 
2.15 
2.15 
2.15 
2.16 
2.15 
2.10 
2.10 
2.10 
2.10 
2.05 
2.05 
2.05 
2.05 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 


2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 


2.00 
2.00 
2.00 
2.00 
1.95 
1.95 
1.90 
1.90 
1.90 
1.85 
1.85 
1.85 
1.85 
1.85 
1.86 
1.85 
1.86 
1.85 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 


Nov.     Dec. 


1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
2.00 
2.00 
2.00 
1.95 
1.95 
1.95 
1.96 
1.95 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.06 
1.95 
1.95 


2.20 
2.00 
2.60 
2.00 
2.00 
2.00 
2.00 
1.95 
1.90 
1.90 
1.90 
1.85 
1.86 
1.80 
1.80 
1.90 
1.90 
1.90 
1.90 
1.90 
1.86 
1.85 
1.85 
1.85 
1.86 
1.85 
1.85 
1.86 
1.85 
1.85 


1.85 
1.86 
1.86 
1.86 
2.00 
2.00 
1.96 
1.95 
1.90 
1.83 
1.85 
1.85 
1.86 
1.85 
2.65 
2.45 
2.26 
2.10 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.26 
2.25 
2.25 
2.25 
2.25 
2.20 
2.15 


Daily  gage  height,  infeet,  of  South  River  at  Port  Republic,  Virginia,  for  1897, 


Feb.    Mar. 


Apr.  I  May. 


2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.85 
1.85 
1  80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.75 


1.75 
9.30 
4.50 
3.80 
8.00 
2.80 
2.60 
2.50 
2.40 
2.30 
2.30 
2.30 
3.20 
4.80 
3.20 
2.85 
2.70 
2.50 
2.40 
2.35 
2.30 
2.25 
2.20 
2.20 
2.20 
2.15 
2.15 
2.10 
2.10 
2.00 
1.95 


June. 


1.85 
1.80 
1.75 
1.75 
1.90 
1.75 
1.70 
1.66 
1.60 
1.55 
1.50 
1.50 
1.65 
1.65 
1.65 
1.65 
1.60 
1.60 
1.60 
1.65 
1.80 
1.70 
1.65 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 


July. 


1.60 
1.65 
1.65 
1.60 
1.55 
1.55 
1.55 
1.55 
1.55 
1.55 
1.55 
1.55 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.70 
1.60 
1.55 
1.50 
1.50 
1.50 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 


Aug.  I  Sept. 


1.50 
1.50 
1.60 
1.50 
1.60 
1.50 
1.50 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.85 
1.36 
1.36 
1.30 
1.26 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 


1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.30 
1.30 
1.30 
1.80 
1.80 
1.30 
1.80 
1.30 
1.30 
1.80 
1.30 
1.80 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.80 


1.30 
1.30 
1.80 
1.30 
1.80 
1.30 
1.30 
1.30 
1.30 
1.30 
1.80 
1.30 
1.46 
1.45 
1.45 
1.45 
1.45 
1.45 
1.46 
1.45 
1.50 
1.60 
1.60 
1.60 
1.60 
1.50 
1.60 
2.00 
1.90 
1.85 
1.75 


1.75 
2.80 
2.50 
2.10 
2.00 
2.00 
1.80 
1.75 
1.70 
1.70 
1.70 
1.65 
1.66 
1.65 
1.66 
1.66 
1.65 
1.65 
1.65 
1.65 
1.60 
1.55 
1.55 
1.55 
1.50 
1.60 
1.60 
1.50 
1.50 
1.50 


1.50 
1.50 
1.50 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
L50 
1.50 
1.60 
1.50 
1.45 
2.40 
2.00 
1.90 
1.90 
1.85 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
L80 
1.80 
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MXLLYILLE  STATION  ON  SHENANDOAH  RITEB. 

This  station,  described  in  the  Eighteenth  Annual  BexM>rt^  Part  lY, 
page  26,  is  located  at  a  point  4  miles  above  Harpers  Ferry,  at  Millville, 
West  Virginia.  A  vertical  gage  was  placed  in  the  river  and  secured  to 
the  trunk  of  a  tree.  A  deep  notch  was  cut  in  the  tree  opposite  the  8-foot 
mark.  Bench  mark  2  is  a  copper  bolt  driven  into  an  auger  hole  in  the 
foot  of  a  large  sycamore  (button wood)  tree  on  the  left  bank  of  the  riv^r, 
about  150  feet  below  the  gage  rod,  and  it  is  6.78  feet  above  the  zero 
mark  on  the  gage.  A  new  three-fourths  inch  galvanized  steel  wire 
cable  was  stretched  across  the  river  on  June  23, 1897,  the  old  one  hav- 
ing been  carried  out  by  the  flood  of  October  1, 1896.  The  cable,  which 
is  about  500  feet  long,  is  supported  on  either  bank  by  a  large  sycamore 
tree,  and  is  securely  anchored  on  both  sides.  The  observer  is  H.  0. 
Nisewaner.  The  following  discharge  measurements  were  made  by 
£.  G.  Paul  and  others,  in  1897 : 

.Tmie  24,  gage  height,  1.20  feet;  discharge,  1,371  second-feet. 
July  23,  gage  height,  1.80  feet;  discharge,  2,791  second-feet. 
September  7,  gage  height,  0.50  foot ;  discharge,  632  second-feet. 
October  25,  gage  height,  0.70  foot;  discharge,  814  second  feet. 


Daily  gage  height,  in  feet,  of  Shenandoah  River  at  Millville,  We»t  Virginia,  for  1897, 


D»y. 

Jan. 

1.00 
1.50 
1.40 
1.40 
1.30 
1.30 
1.30 
1.20 
1.20 
1.10 
I.IQ 
1.10 
1.40 
1.40 
1.30 
].20 
1.10 
1.10 
1.10 
1.10 
1.10 
1.20 
1.20 
1.20 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.00 

Feb. 

1.10 
1.10 
1.80 
2.00 
2.20 
2.20 
(a) 
(a) 
(a) 
6.00 
5.80 
4.70 
4.00 
6.00 
4.70 
5.75 
5.90 
5.30 
4.00 
4.60 
4.50 
6.45 
10.05 
10.05 
6.70 
5.50 
4.60 
4.60 

Mar. 

3.70 
3.50 
8.50 
3.50 
3.50 
3.50 
3.40 
3.30 
3.00 
2.80 
2.70 
2.60 
2.60 
2.80 
2.80 
3.50 
3.60 
3.40 
3.20 
8.20 
3.60 
3.40 
3.30 
3.20 
3.00 
2.90 
2.70 
2.50 
2.40 
2.10 
2.00 

Apr. 

2.00 
2.00 
1.90 
1.90 
2.10 
2.30 
2.30 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.  30 
2.20 
2.20 
2.10 
2.10 
2.00 
1.90 
1.80 
1.80 
1.70 
1.70 
1.60 
1.50 
1.50 
1.40 
J. 40 
...... 

May. 

1.40 
1.70 
9.25 
7.10 
5.10 
4.60 
3.60 
3.20 
2.90 
2.50 
2.40 
2.40 
2.50 
4.35 
6.  GO 
4.90 
3.0U 
3.50 
3.20 
2.90 
2.60 
2.40 
2.30 
2.20 
2.20 
2.20 
1.80 
1.60 
1.60 
1.60 
1.60 

Juue. 

1.50 
1.50 
1.40 
1.60 
1.60 
1.90 
1.80 
1.70 
1.60 
1.60 
1.40 
1.40 
1.40 
1.30 
^30 
1.30 
1.30 
1.20 
1.20 
1.60 
1.60 
1.40 
1.30 
1.20 
1.10 
1.10 
1.10 
1.00 
1.00 
.90 

July. 

1. 00 
.90 
.90 
.90 

1.00 
.90 
.80 
.80 
.80 
.80 

i.'io" 

1.00 

1.00 

1.20 

.90 

.90 

.90 

.80 

1.90 

2.60 

2.60 

1.80 

1.50 

1.30 

1.20 

1.10 

1.20 

1.50 

1.30 

1.1b 

Aug. 

1.00 
.90 
.80 
.80 
.80 
1.40 
.90 
.90 
.90 
.80 
1.20 
1.00 
.90 
.80 
.70 
.70 
.70 
.70 
.60 
.60 
.60 
.60 
.60 
1.00 
1.30 
1.00 
.90 
.80 
.70 
.70 
.80 

Sept. 

0.60 
.60 
.60 
.50 
.50 
.50 
.50 
.50 
.50 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.60 

1.20 
.50 
.50 
.50 
.40 
.40 

Oct. 

0.40 
.40 
.40 
.40 
.40 
.40 
.35 
.85 
.85 
.35 
.40 
.60 
.50 
.50 
.50 
.50 
.50 
.45 
.40 
.40 
.45 
.50 
.50 
.55 
.70 
.80 
.90 
.80 
.80 
.80 
.90 

Nov. 

0.80 
.80 
.80 
1.00 
1.30 
1.00 
.80 
.80 
.70 
.80 
.70 
.70 
.50 
.50 
.70 
.66 
.70 
.60 
.60 
.50 
.60 
.60 
.60 
.55 
.50 
.50 
.80 
.90 
.70 
.60 

Doc. 

0.70 

.70 

.60 

.70 

.90 

1.70 

1.20 

1.10 

.90 

.90 

.80 

.90 

.90 

1.00 

1.70 

2.40 

2.70 

2.20 

1.80 

1.60 

1.30 

1.30 

1.30 

1.80 

1.30 

2.00 

1.50 

1.60 

1.50 

1.20 

1.10 

1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

18 

14 

15 

10 

17 

18 

19 

20 

21 

22 

28 

24 

25 

28 

27 

28 

29 

30 

31 

a  Gage  washed  out. 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


FREDERICK   STATION   ON   MONOOAOY    RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  IV, 
page  34,  is  at  the  county  iron  bridge  on  the  turnpike  4  miles  northeast 
of  Frederick,  on  the  road  leading  Irom  Frederick  to  Mount  Pleasant, 
Maryland.  A  wire  gage  is  attached  to  the  floor  timber  on  the  lowei^ 
side  of  the  bridge.  The  length  of  the  gage  wire  from  bottom  of  weight 
to  end  of  handle  is  35.20  feet. 

The  bench  mark  is  a  cross  cut  in  the  top  face  of  a  capstone  on  the 
lower  retaining  wall  of  the  bridge  abutment  on  the  right  bank  of  the 
stream.  It  is  24.97  feet  above  the  surface  of  the  water  when  the  gage 
reads  4.2  feet.  The  observer  is  E.  L.  Derr.  The  stream  at  this  station 
has  two  channels,  being  divided  by  a  small,  low  island,  which  serves 
as  a  foundation  for  the  middle  pier  of  the  bridge. 

On  January  26,  1898,  the  gage  was  compared  with  the  bench  mark, 
and  the  wire  found  to  have  stretched  0.37  foot.  The  gage  wire  was  cor- 
rected and  the  gage  heights  of  the  preceding  months  reduced  by  this 
amount,  those  in  July  and  August,  when  the  stretching  is  supi)08ed  to 
have  occurred,  being  approximated  only.  The  following  discharge  meas- 
urements were  made  by  E.  G.  Paul  and  others  during  the  year  1897: 

Febraary  9,  gage  height,  6.00  feet;  discharge,  1,019  second- feet. 
February  24,  gage  height,  8.95  feet;  discharge,  3,569  second-feet. 
March  9,  gage  height,  6.00  feet ;  discharge,  1,085  second-feet. 
April  10,  gage  height,  7.65  feet ;  discharge,  2,264  second-feet. 
July  3,  gage  height,  4.30  feet ;  discharge,  220  second-feet. 
September  3,  gage  height,  4.15  feet;  ^discharge,  182  second-feet. 

Daily  gage  height,  in  fegt,  of  Monooacy  Rivm-  at  Frederiok,  Maryland,  for  1897, 


D»y. 

J  tax. 

Feb. 

Mar. 

Apr. 

Mny. 

June. 

1 

4.20 
4.20 
4.20 
4.20 
4.20 
4.30 
4.30 
4.50 
4.40 
4.30 
4.20 
4.30 
4.80 
4.30 
4.00 
4.00 
4.00 
4.00 
4.80 
4.70 
4.60 
6.60 
6.40 
4.80 
6.20 
6.00 
6.00 
6.00 
6.00 
4.80 
4.60 

4.40 
4.40 
5.00 
6.00 
5.50 
8.40 
15.00 
8.45 
6.00 
5.60 
5.20 
5.20 
4.00 
4.60 
4.60 
5.70 
7.40 
7.40 
6.70 
6.10 
6.70 
12.13 
14.60 
8.85 
8.30 
7.00 
6.60 
6.00 

6.70 
6.50 
6.60 
7.60 
7.50 
8.00 
7.60 
6.20 
6.00 
0.50 
6.20 
5.80 
5.80 
5.70 
5.70 
5.80 
5.40 
6.60 
7.00 
9.80 
7.80 
6.60 
6.60 
7.40 
7.30 

e.io 

6.80 
6.60 
6.40 
6.30 
6.20 

6.00 
5.00 
4.90 
4.90 
6.90 
5.00 
5.60 
5.40 
9.3() 
8.55 
6.55 
6.60 
5.70 
6.80 
5.90 
6.20 
5.80 
5.80 
5.50 
5.80 
6.10 
5.00 
5.00 
5.00 
4.90 
4.90 
4.90 
4.80 
4.70 
4.60 

4.00 
6.30 
6.20 
6.20 
6.00 
5.90 
5.60 
5.40 
6.10 
6.00 
6.10 
5.10 
16.60 
15.60 
10.90 
7.40 
6.80 
6.50 
6.10 
6.80 
5.00 
6.00 
6.50 
6.30 
6.70 
6.00 
6.80 
6.20 
6.00 
4.90 
6.00 

6.00 
4.80 
4.70 
6.00 
7.60 
5.60 
5.40 
4.06 
6.15 
5.80 
5.30 
5.00 
4.90 
4.70 
4.70 
4.70 
4.80 
4.80 
4.70 
4.70 
4.90 
4.70 
4.50 
4.50 
4.40 
4.40 
4.40 
4.40 
4.20 
4.20 

2 

3 

4 

6 

6 

7 

8 

0 

JO 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

80 

31 

« 

July. 
a 


4.20 
4.20 
4.30 
4.20 
4.20 
4.20 
4.20 
4.20 
4.00 
4.50 
4.20 
4.20 
7.00 
6.20 
4.60 
4.30 
4.30 
5.10 
4.95 
5.25 
4.06 
6.40 
6.65 
4.96 
4.46 
4.35 
7.70 
9.90 
7.80 
6.10 
6.80 


Ang.a 


4.90 
4.70 
4.60 
4.40 
4.40 
4.30 
4.80 
4.20 
4.20 
4.20 

10.60 
8.60 
6.46 
4.45 
4.25 
5.35 
4.85 
4.30 
4.10 
4.10 
4.10 
6.60 
4.80 

16.20 
6.76 
6.76 
6.10 
4.70 
4.26 
4.16 
4.16 


Sept. 

Oct. 

Nov. 

4.15 

3.96 

4.15 

4.05 

8.95 

14.85 

4.15 

3.85 

8.15 

4.06 

8.85 

6.56 

4.05 

3.76 

5.35 

3.95 

3.85 

5.05 

3.05 

8.76 

4.85 

3.05 

3.75 

4.75 

8.06 

3.75 

5.56 

3.96 

3.86 

5.55 

3.95 

3.86 

4.85 

8.95 

3.85 

4.76 

3.95 

4.25 

4.66 

3.86 

4.15 

4.65 

3.86 

4.06 

6.15 

3.85 

3.96 

6.66 

4.46 

8.96 

4.95 

4.46 

3.86 

4.76 

4.05 

3.76 

4.66 

3.86 

8.76 

4.65 

8.86 

3.86 

4.66 

3.96 

3.96 

4.66 

3.96 

8.96 

4.76 

6.66 

8.96 

6.60 

6.16 

4.06 

4.85 

4.66 

4.85 

6.66 

8.96 

4.26 

7.06 

3.96 

4.16 

6.66 

3.96 

4.06 

6.86 

3.96 

4.05 
8.96 

6.66 

Deo. 


a  Appruximate, 
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POINT  OP  BOOKS  STATION  ON  POTOMAC  BIYEB. 

This  statioiiy  described  in  the  Eighteenth  Annual  Report  of  this  Sor- 
yey^  Part  lY,  page  29,  is  aboat  6  miles  above  the  month  of  Monocacy 
Biver,  at  Point  of  Bocks,  Maryland.  At  this  point  a  toll  bridge  crosses 
the  stream  1,000  feet  below  the  month  of  Gatoctin  Greek.  A  wire  gage 
has  been  established  on  the  east  side  of  the  first  span^  the  scale  is 
marked  with  nails  on  the  hand  rail.  Bench  mark  1  is  a  copper  bolt 
fastened  in  a  hole  drilled  in  a  large  capstone  on  the  lower  wing  wall  of 
the  north  abutment,  a  short  distance  from  the  north  end  of  the  first  iron 
truss,  and  is  41.30  feet  above  the  datum  of  the  gage.  Bench  mark  2, 
top  of  second  floor  beam  from  left  bank,  lower  end,  is  39.28  feet  above 
datum.  The  distance  from  the  end  of  the  weight  to  the  wire  index  is 
44.22  feet.  On  January  25, 1898,  a  comparison  with  the  bench  mark 
revealed  that  the  gage  wire  had  stretched  1.78  feet.  A  new  wire  was 
substituted  and  the  gage  heights  of  the  preceding  months  were  reduced 
to  the  correct  datum ;  those  in  August  and  September,  when  the  stretch- 
ing is  supposed  to  have  occurred,  being  approximated  only.  The 
observer  is  G.  H.  Hickman.  During  the  year  1897  discharge  measure- 
ments were  made  by  E«  G.  Paul  and  G.  H.  Matthes,  as  follows : 

February  9,  gage  height,  7.95  feet :  discharge,  40,654  second- feet. 
February  23,  f^Age  height,  21.70  feet ;  discharge,  169,913  second-feet. 
March  8,  gage  height,  5.70  feet;  discharge,  27,383  second-feet. 
March  27,  gage  height,  4.05  feet;  discharge,  17,121  second-feet. 
July  28,  gage  height,  2.85  feet;  discharge,  8,130 second-feet. 
October  29,  gage  height,  0.20  foot;  discharge,  2,141  second-feet. 

Daily  gage  height,  in  feet,  of  Potomac  Biver  at  Point  of  Books,  Maryland,  for  1897. 


Dvy. 


1. 
2. 
3. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
28. 
24. 
25. 
28. 
27. 
28. 
29. 
80. 
81. 


Jan. 


0.80 

.80 

.80 

.90 

.90 

1.00 

1.40 

1.70 

1.50 

1.80 

1.10 

1.10 

1.10 

.90 

.90 

1.00 

.90 

.90 

.90 

1.60 

1.50 

1.40 

1.40 

1.40 

1.50 

1.80 

2.00 

2.30 

2.20 

2.10 

2.00 


Feb.    Mar. 


2.00 
1.90 
2.50 
2.00 
2.10 
5.10 
8.00 
10.50 
7.90 
5.80 
4.00 
4.00 
3.90 
4.60 
5.70 
7.00 
7.40 
7.70 
7.60 
7.20 
6.40 
6.70 
21.15 
24.60 
16.10 
9.30 
7.30 
6.00 


5.30 
4.40 
4.20 
4.10 
4.60 
4.40 
6.00 
5.80 
5.00 
4.50 
4.20 
4  00 
3.90 
3.70 
3.70 
3.80 
4.20 
4.40 
4.70 
5.30 
6.20 
6.00 
5.55 
4.80 
4.70 
4.60 
4.10 
3.80 
3.60 
3.30 

^*  VII 


Apr. 


2.80 
2.70 
2.60 
2.60 
2.70 
8.0O 
3.30 
8.50 
8.40 
4.20 
6.20 
5.10 
4.40 
4.00 


May. 


3. 
8. 


80 
60 
8.50 
3.40 
3.80 
3.10 
3.00 
2.80 
2.70 
2.60 
2.60 
2.50 
2.40 
2.40 
2.30 
2.20 


2.20 
2.40 
7.00 

14.60 
9.00 
6.50 
5.90 
6.10 
4.50 
4.00 
8.70 
8.50 
8.80 
9.40 

13.10 
8.50 
6.50 
4.90 
4.60 
4.40 
4.00 
3.70 
3.40 
8.30 
8.40 
3.50 
8.80 
3.00 
2.70 
2.60 
2.50 


Jane. 


2.50 
2.40 
2.30 
2.40 
2.50 
2.50 
2.40 
2.50 
2.50 
2.80 
2.20 
2.20 
2.10 
2.10 
2.20 
2.20 
2.10 
2.10 
2.20 
2.20 
2.60 
2.50 
2.30 
2.20 
2.10 
2.10 
2.10 
2.00 
1.90 
1.80 


July. 


1.80 
1.70 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.60 
1.50 
1.90 
1.80 
1.80 
1.90 
1.90 
2.00 
1.80 
1.60 
1.90 
1.90 
2.60 
3.10 
3.20 
2.60 
2.40 
2.40 
2.60 
2.70 
2.60 
2.40 
2.30 


Angui 


1.80 

1.70 

1.60 

1.40 

1.30 

1.70 

1.20 

1.10 

1.10 

1.10 

1.10 

1.00 

1.00 

.80 

.80 

.80 

.60 

.50 

.40 

.30 

.30 

.30 

.30 

.30 

.90 

.80 

.40 

.40 

.40 

.40 

.40 


Se^t,a 


0.80 
.20 
.20 
.20 
.20 
.20 
.20 
.10 
.00 
.00 

-  .10 

-  .10 

-  .10 
-.10 

-  .10 

-  .10 

-  .10 

-  .10 

-  .10 

-  .10 

-  .10 

-  .10 
.00 
.20 
.00 
.00 
.00 
.00 
.00 
.00 


Oct. 


0.00 
.00 
.00 
.00 
.00 
-.10 
-.10 

-  .10 

-  .10 

-  .10 
.00 
.10 

-  .10 
.00 
.00 

-  .10 

-  .10 

-  .10 

-  .10 

-  .10 

-  .10 
.00 

-  .10 
-.10 

.00 
.00 
.00 
.10 
.20 
.20 
.20 


Nov. 


0.20 
.30 

1.00 

1  40 

1.00 
.80 
.70 
.50 
.50 
.50 
.70 

1.20 
.80 
.50 
.50 
.60 

1.10 
.90 
.70 
.70 
.60 
.60 
.60 
.40 
.40 
.40 

1.00 
.60 
.50 
.60 


Deo. 


1 


0.90 
.00 
.90 
1.00 
1.10 
3.20 
3.60 
3.20 
2.40 
1.50 
1.30 
1.10 
1.00 
.90 
1.50 
4.10 
4.30 
3.30 
2.60 
2.20 
2.10 
1.60 
1.50 
1.40 
1.80 
1.30 
1.20 
1.20 
1.10 
1.10 
1.10 


a  Approximate. 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


PARK  STATION  ON  BOCK  GREEK. 

A  station  was  established  on  'Rock  Greek  January  18, 1897,  at  the 
Park  bridge,  near  the  eastern  entrance  of  the  National  Zoological 
Park,  in  the  city  of  Washington,  District  of  Columbia.  The  upper  part 
of  the  gage  is  vertical  and  is  fastened  to  the  bridge  abutment,  the 
lower  portion  being  inclined  and  fastened  to  iron  rods.  The  bench  mark 
consists  of  an  X  on  the  stone  of  the  bridge  ])ier.  It  is  9.13  feet  above 
tlie  zero  of  the  gage.  The  observer  is  W.  V .  Kramer,  one  of  the  watch- 
men in  the  park.  A  measurement  on  August  18, 1S97,  at  a  gage  height 
of  2.90  feet  gave  a  discharge  of  26  second-feet,  and  on  November  21,  at 
a  gage  height  of  3.00  feet  a  discharge  of  37  second-feet. 

A  study  of  the  discharge  of  Bock  Greek  was  begun  in  July,  1892,  at 
the  request  of  the  Gommissioners  of  the  District  of  Columbia.  In 
July,  1892,  a  gage  rod  was  established  by  Gyrus  G.  Babb  at  Lyon's 
Mill,  and  fastened  to  the  downstream  face  of  the  right  abutment  of 
the  bridge.  On  August  18, 1892,  a  self- registering  gage  was  placed  at 
the  bridge,  and  the  record  continued  until  November  30, 1894. 

The  following  are  the  discharge  measurements  made  at  this  point: 

Jaly  2Sj  1892,  gage  height,  0.00  foot;  discharge,  89  Becond-feet. 
August  2f  1892,  gage  height,  — 0.30  foot;  discharge,  49  second-feet. 
Augnst  3,  1892,  gage  height,  — 0.3  foot;  discharge,  48  aecond-feet. 
Aagust  5,  1892,  gage  height,  0.19  foot;  dincharge,  102  second-feet. 
April  11,  1893,  gage  height,  ^).12  foot;  discharge,  58  second-feet. 
May  4,  1893,  gage  height,  4.14  feet;  discharge,  959  second-feet. 


Daily  gage  height,  infeetf  of  Bock  Creek  at  Zoological  Park  Bridge, 

District  of  Columbia,  Jor  1897, 


IHiy. 

Jan. 

Feb. 

2.90 
3.50 
4.15 
3.45 
8.15 
3.26 
4.25 
2.70 
2.50 
2.40 
2.80 
2.45 
2.60 
2.60 
Z.65 
2.45 
2.40 
2.30 
'  2.30 
1  2.25 
'  2.40 
i  3.75 
4.10 
1  2.85 
2.60 
2.50 
2.45 
2.45 

Mar. 

Apr. 

May. 

2.30 
2.40 
2.45 
2.55 
2.50 
2.85 
2.30 
2.20 
2.20 
2.15 
2.20 
2.50 
3.70 
2.65 
2.05 
2.60 
2.50 
2.40 
2.40 
2.35 
2.30 
2.30 
2.25 
2.60 
3.45 
2.65 
2.40 
2.35 
2.30 
2.30 
2.25 

Jane. 

2.30 
2. 50 
2.65 
2.95 
8.15 
3.10 
3.25 
3.40 
3.45 
3.4U 
3.40 
8.85 
3.85 
8.35 
3.85 
3.35 
8.35 
3.85 
3.20 
3.30 
8.25 
3.15 
3.15 
3.15 
3.25 
8.15 
3.10 
3.10 
8.10 
8.10 

July. 

Aug. 

Sept. 

Oct. 

2.80 
2.85 
2.85 
2.85 
2.85 
2.85 
2.85 
2.85 
2.85 
2.85 
2.85 
3.15 
2.85 
2.85 
2.85 
2.85 
2.85 
2.00 
2.00 
3.00 
3.00 
2.05 
2.05 
3.00 
3.10 
3.10 
3.00 
2.05 
2.00 
2.00 
2.00 

Nov. 

!    Dec. 

1 

1 

2.35 
2.35 
2.35 
2.40 
2.85 
2.35 
2.40 
2.36 
2.85 
2.35 
2.80 
2.80 
2.86 
2.46 
2.60 
3.40 
2.35 
2.95 
2.85 
3.05 
2.90 
2.65 
2.55 
2.60 
2.55 
2.40 
2.40 
2.35 
2.80 
2.80 
2.80 

2.30 
2.25 
2.25 
2.25 
2.50 
2.65 
2.45 
2.40 
3.15 
2.90 
2.60 
2.50 
2.45 
2.4.') 
2.40 
2.45 
2.45 
2.40 
2.35 
2.30 
2.30 
2.30 
2.30 
2.30 
2.80 
2.25 
2.25 
2.20 
2.25 
2.25 

3.10 
3.10 
8.10 
3.  U5 
8.05 
3.05 
3.05 
3.60 
3.16 
3.10 
3.10 
3.25 
3.30 
3.30 
8.10 
3.00 
3.10 
2.10 
3.45 
3.25 
8.25 
4.00 
8.40 
3.10 
3.05 
8.00 
8.45 
4.30 
8.10 
3.10 
3.10 

3.05 

3.00 

3.00  , 

2.95 

2.95 

3.00 

2.95  ' 

2.95 

2.95 

2.95 

3.00 

3.00 

2.95 

2.90 

2.90 

2.05 

3.00 

2.00 

2.90 

2.00 

2.00 

2.00 

2.00 

2.05 

2.00 

2.00 

2.00 

2.85 

2.85 

2.85 

2.85 

2.85 
2.85 
2.85 
2.85 
2.85 
2.85 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.00 
2.83 
2.80 
2.80 
2.80 
2.00 
3.20 
2.00 
2.80 
2.80 
2.80 
2.80 
2.80 

3.10 
3.50 
3.80 
3.10 
3.05 
3.00 
2.06 
3.00 
3.20 
3.35 
3.10 
3.05 
3.05 
3.00 
3.05 
3.10 
3.05 
3.06 
3.06 
3.05 
3.00 
8.00 
3.05 
3.05 
3.0O 
3.05 
8.06 
8.80 
8.15 
3.10 

3.06 
;f.06 
3.05 
3.26 
3.00 
3.36 
3.20 
3.16 
3.10 
3.10 
3.10 
3.10 
3.10 
3.25 
4.30 
3.35 
3.20 
3.15 
3.10 
3.10 
3.15 
3.20 
8.20 
3.30 
8.06 
3.10 
3.10 
3.06 
3.00 
3.10 
S.10 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

18 

1 

17 

1 

18 

3.00 
2.96 
2.90 
3.15 
3.30 
3.35 
3.06 
2.90 
3.00 
2.00 
2.90 
2.06 
2.90 
2.00 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

20 

80 

81 

, 

DRAINAGE   BASIN  OF   THE   JAMES   RIVER. 
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GLASGOW  STATION  ON  NORTH  RIYER. 


This  statioD,  described  in  the  Eighteenth  Annual  Eeport,  Part  lY, 
page  36,  is  at  the  Glasgow,  Virginia,  county  bridge  about  1  mile  above 
the  mouth  of  North  Biver.  The  height  of  water  is  observed  by  means 
of  i\  wire  gage,  the  board  being  placed  on  the  guard  rail  on  the  lower 
side  of  the  bridge  and  graduated  in  feet  and  tenths.  The  distance  from 
the  top  of  the  bridge  over  the  gage  to  the  zero  is  32.24  feet,  and  that 
from  the  end  of  the  weight  to  the  marker  of  the  gage  is  27.86  feet.  The 
observer  is  B.  G.  Baldwin.  Discharge  measurements  are  made  at  the 
bridge.  The  initial  point  for  sounding  is  on  the  left  bank.  The  channel 
is  straight  for  about  200  feet  above  and  below  the  station,  but  farther 
downstream  it  is  curved,  and  the  water  moves  with  moderate  velocity. 
The  stream  is  confined  within  its  channel  by  the  bridge  abutments, 
except  at  very  high  water,  when  it  may  overflow  the  left  bank.  Tbe 
bed  is  composed  of  rock  and  gravel  and  is  fairly  permanent.  The  fol- 
lowing discharge  measurements  were  made  by  Prof.  D.  0.  Humphreys 
and  F.  U.  Anschntz  during  1897 : 

May  29,  gage  height,  1.91  feet;  discharge,  546  seoond-feet. 
Aagnst  14,  gage  height,  1.17  feet;  discharge,  208  second-feet. 
OotoheTl4,  gage  height,  1.30  feet;  diHoharge,  223  second-feet. 

Daily  gage  height,  in  feet,  of  North  Biver  at  Glasgow,  Virginia,  for  1897. 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


F6b.    Mar.   Apr.  May.    Juue. 


1.55 
1.60 
1.75 
1.66 
1.60 
1.65 
1.65 
1.60 
1.60 
1.58  ! 

1.58 ; 

1.55  I 

1.52 

1.53  \ 

1.55 

1.55 

1.52 

1.70 

1.90 

2.02 

1.98 

1.90 

1.85 

1.76 

1.70 

1.60 

1.60 

1.65 


1.70 
1.74 
1.76 
1.80 
1.92 
4.70 
6.05 
86 
50 
62 
51 
3.32 
4.40 
4.05 
3.81 
4.00 
3.90 
3.50 
3.40 
3.40 


4. 
4. 
3. 
3. 


5.10 
7.72 
5.35 
4.75 
3.36 
3.15 
2.95 


2.85 

2.22 

2.68 

2.21 

2.58 

2.22 

2.50 

2.27 

2.46 

2.38 

2.40 

2.58 

2  40 

2.55 

2.42 

2.50 

2.40 

2.52 

2.48 

2.62 

2.48 
2.58 
3.00 


4.26 
3.70 
3.27 
3.33 


3.72 
3.4G 
3.20 
3.00 
3.00 
2.90 
2.70 
2.60 
2.54 
2.42 
2.31 
2.30 


I  2.52 
2.38 
2.30 
2.27 
2.25 
2.14 
2.08 
2.00 
2.0O 
1.00 
1.88 
1.88 
1.87 
1.86 
1.86 
1.80 
1.75 
1.75 
1.75 


2.23 
2.20 
2.10 
2.02 
2.00 
1.95 

i.w" 


I 


July. 

Aug. 

Sept. 
1.17 

1..36 

■>•••* 

2.65 

1.20 

1.14 

1.95 

1.20 

1.10 

1.88 

1.14 

1.10 

1.80 

1.52 

1.08 

1.73 

1.32 

1.05 

1.66 

1.25 

1.08 

1.60 

1.18 

1.07 

1.52 

1.18 

1.05 

1.45 

1.15 

1.00 

1.38 

1.18 

1.00 

1.30 

1.15 

1.25 

1.12 

1.05 

1.20 

1.17 

1.10 

1.20 

1.08 

1.18 

1.20 

1.10 

1.12 

1.20 

1.08 

1.40 

1.16 

1.10 

1.30 

1.10 

1.10 

1.30 

1.10 

1.05 

1.35 

1.08 

1.08 

1.70 

1.10 

(a) 

i.i4 

1.10 

(a) 

1.40 

1.12 

(a) 

1.30 

1.11 

1.25 

1.30 

1.10 

1.25 

1.42 

1.10 

1.26 

1.27 

1.09 

1.23 

1.10 

1.23 

1.20 

1.10 

1.24 

1.18 



Oct.    Nov 


1.08 
1.05 
1.05 
1.02 
1.02 
1.03 
1.03 
1.02 
1.02 
1.00 
1.10 
1.20 
1.18 
1.15 
1.20 
1.18 
1.20 
1.18 
1.20 
1.20 
1.20 
1.25 
1.20 
1.18 
1.20 
1.20 
1.18 
1.22 
1.15 
1.25 
1.28 


1.40 
1.65 
1.60 
1.50 
1.41 
1.30 
1.20 
1.41 


1.40 


25 
23 
20 
18 
18 


1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 


1.18 
1.20 
1.18 
1.20 
1.15 
1.21 
1.15 
1.16 
1.15 
1.15 
1.20 
1.12 
1.15 
1.20 
1.20 
1.40 
1.42 


42 
38 
41 
60 
80 
75 
68 
60 
1.52 
1.50 
1.45 
1.45 
1.56 
2.62 
2.65 
2.15 
2.00 
1.85 
1.70 
1.65 
1.80 
1.75 
1.70 
1.68 
1.75 
1.80 
1.80 
1.75 
1.68 
1.60 


a  (ro^e  broken. 
July  4-14  interpolated  by  D.  C.  Uunipbreys. 
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OPERATIONS  AT   KIVER   STATIONS,  1897. 


BUCHANAN  STATION  ON  JAMES  BIVBB. 

This  station,  described  in  the  Eighteenth  Annnal  Report,  Part  lY, 
page  39,  is  on  James  Eiver,  about  20  miles  above  the  month  of  North 
Eiver  and  one-half  mile  above  the  mouth  of  Purgatory  Creek,  at  the 
new  iron  bridge  at  Buchanau,  Virginia.  The  gage  is  of  wire,  and  the 
scale  is  painted  in  feet  and  tenths.  The  bench  mark  at  this  point  is 
the  top  of  a  stone  post  under  the  southwest  corner  of  the  porch  of  the 
Chesapeake  and  Ohio  passenger  station ;  the  elevation  of  the  bench 
mark  is  24.68  feet  above  the  zero  of  the  gage.  The  highest  point  on  a 
prominent  ledge  of  rock  on  the  left  bank,  about  500  feet  above  the 
bridge,  is  17.48  feet  above  the  zero  of  the  gage.  On  April  3, 1897,  the 
zero  of  this  gage  was  lowered  2  feet  to  avoid  negative  readings.  The 
published  gage  readings  for  1897  are  referred  to  this  new  gage.  A 
new  iron  bridge  was  erected  at  this  point  in  November,  and  future  dis- 
charge measurements  will  be  made  at  this  bridge,  on  which  the  gage  is 
located.  Discharge  measurements  were  made  at  a  bridge  three-fourths 
of  a  mile  above,  as  the  old  covered  bridge  was  not  suited  to  the  pur- 
pose. The  initial  point  was  taken  on  the  right  bank ;  the  channel  is 
nearly  straight  both  above  and  below,  and  the  bed  of  the  stream  is 
mostly  solid  rock  and  is  subject  to  but  little  change.  The  following 
measurements  were  made  by  D.  C.  Humphreys  and  others  during  1897  : 

April  1,  gage  height,  3.30  feet;  discharge,  2,007  seoond-feet. 
May  30,  gage  height,  2.70  feet;  discharge,  994  second-feet. 
October  13,  gage  height,  1.70  feet ;  discharge,  678  second-feet. 

Daily  gage  height,  in  feet,  of  James  River  at  Buohanan,  Virginia,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

4.26 
4.10 
3.85 
3.70 
3.60 
3.50 
3.60 
3.75 
8.70 
3.70 
4.45 
4.90 
6.25 
6.85 
7.90 
6.45 
5.80 
5.10 
0.00 
6.75 
0.36 
5.66 
5.00 
4.66 
4.45 
4.15 
3.95 
3.80 
8.06 
3.50 
8.40 

1 

2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.30 
2.80 
2.10 
2.70 
2.00 
2.80 
2.80 
2.90 
2.00 
2.90 
2.70 

2.70 
2.80 
2.00 
2  90 
2.00 
8.00 
12.15 
8.80 
7.26 
8.75 
6.10 
6.80 
8.15 
6.60 
6.20 
6.26 
6.50 
5.65 
6.80 
6.30 
6.06 
11.50 
14.00 
11.66 
7.60 
6.10 
6.35 
4.75 

2 

"i ;:.::. 

4 

6 

8 

7 

8 

9 

10 

u 

12 

13 

14 

16 

18 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28 

27 

28 

29 

80 

81 

3.30 
3.30 
3.00 
3.00 
3.15 
4.15 
4.00 
3.76 
8.60 
4.10 
4.20 
8.95 
3.70 
8.60 
3.60 
3.50 
3.35 
3.20 
3.10 
3.00 
3.00 
2.90 
2.80 
2.80 
2.70 
2.70 
2.70 
2.80 
2.60 
2.60 


2.60 
6.40 
7.75 
5.85 
5.20 
5.15 
4.85 
4.60 
4.15 
3.95 
8.85 
8.85 
6.15 
10.45 
7.30 
5.90 
6.00 
4.65 
4.10 
3.80 
3.66 
3.36 
8.15 
3.15 
3.20 
3.10 
8.00 
2.90 
2.75 
2.70 
2.66 


2.60 
2.50 
2.60 
3.00 
2.66 
2.50 
2.50 
2.60 
2.50 
2.40 
2.40 
2.35 
2.30 
2.80 
2.40 
2.40 
2.40 
2.40 
2.40 
8.10 
2.60 
2.60 
2.60 
2.40 
2.80 
2.20 
2.40 
2.30 
2.20 
2.10 


2.10 
2.20 
8.05 
2.70 
2.46 
2.80 
2.30 
2.50 
2.45 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.20 
2.20 
2.30 
3.35 
3.30 
3.05 
3.05 
2.75 
2.55 
2.60 
2.45 
2.40 
2.30 


Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

2.20 

1.80 

1.80 

1.60 

1  70 

2.10 

1.80 

1.80 

1.80 

1.80 

2.00 

1.70 

1.80 

1.80 

1.90 

2.00 

1.70 

1.30 

1.80 

2.10 

2.40 

1.70 

1.30 

1.70 

2.20 

2.10 

1.70 

1.30 

1.70 

2.20 

2.00 

1.70 

1.30 

1.60 

2.20 

2.00 

1.60 

1.30 

1.60 

2.20 

2.00 

1.60 

1.80 

1.60 

2.20 

1.90 

1.60 

1.30 

1.00 

2.20 

1.90 

1.60 

1.30 

1.60 

2.20 

1.90 

1.60 

1.76 

1.50 

2.20 

1.90 

1.60 

1.75 

1.50 

2.20 

1.90 

1.60 

1.70 

1.40 

2.20 

1.90 

1.00 

1.70 

1.85 

2.65 

1.80 

1.00 

1.70 

1.30 

2.85 

1.80 

1.50 

1.70 

1.30 

2.90 

1.80 

1.60 

1.60 

1.30 

2.70 

1.80 

1.60 

1.60 

L80 

2.70 

1.80 

1.50 

1.50 

1.80 

2.70 

1.80 

1.60 

1.60 

1.80 

2.70 

L80 

1.50 

1.50 

1.80 

2.70 

1.80 

1.55 

1.70 

1.80 

2.60 

2.25 

1.90 

1.70 

1.80 

2.85 

2.10 

1.60 

1.70 

1.30 

2.90 

2.00 

1.50 

1.70 

1.80 

2.90 

2.00 

1.50 

1.70 

1.80 

2.80 

1.90 

1.50 

1.6U 

1.30 

2.85 

1.90 

1.40 

1.60 

1.40 

2.70 

1.90 

1.40 

1.60 

1.50 

2.00 

1.80 

1.60 

2.00 
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BOANOKE  STATION  ON  BOANOKE  BIYEB. 


This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  42y  is  located  in  the  edge  of  the  town  of  Eoanoke,  Virginia.,  at  the 
Walnnt-street  bridge.  The  gage  is  of  wire,  and  the  scale  is  painted  in 
feet  and  tenths  on  a  horizontal  rod  fastened  to  the  floor  of  the  bridge. 
The  distance  from  the  end  of  weight  to  marker  is  24.39  feet.  The  top 
of  lower  end  of  first  floor  beam  is  21.99  feet  above  datum  of  gage.  The 
right  bank  is  above  high  water,  but  the  left  may  overflow  at  extreme 
high  water.  The  channel  is  nearly  straight  and  the  current  good.  The 
observer  is  A.  B.  Bawn.  A  discharge  measurement  was  made  on  April 
2, 1897,  by  F.  H.  Anschutz,  when  the  water  stood  at  a  height  of  1.52 
feet,  giving  a  discharge  of  320  second-feet 

Daily  gage  height,  in  feet,  of  Roanoke  River  at  Roanoke,  Virginia,  for  1897. 


1 

Jan. 

1 
Feb. 

Mar. 

Apr. 

May. 

1.55 
4.00 
3.85 
8.45 
2.95 
2.75 
2.60 
2.50 
2.25 
1.90 
1.60 
1.58 
1.55 
1.55 
1.75 
1.70 
1.65 
1.60 
1.55 
1.55 
1.55 
1.50 
1.50 
1.50 
1.45 
1.45 
1.40 
1.40 
1.40 
1.35 
1.35 

Jane. 

JiUy. 

Aug. 

Sept. 

Dot. 

Nov. 

Dec. 

1 

0.76 
.70 
.70 
.65 
.63 
.60 
.35 
.50 
.45 
.45 
.45 
.45 
.45 
.45 
.50 
.00 
.65 
.60 
.60 
.65 
.68 
.70 
.70 
.65 
.65 
.60 
.50 
.60 
.50 
.50 
.45 

0.46 
.45 
.45 
.45 
.50 
6.82 
8.78 
2.60 
2.20 
1.95 
1.90 
3.00 
2.90 
2.60 
2.20 
2.00 
1.05 
1.80 
1.55 
1.45 
4.50 
4.40 
8.30 
3,50 
2.60 
2.20 
1.90 
1.85 

1.75 
1.55 
1.20 
1.00 
.95 
.90 
1.85 
1.25 
1.00 
.95 
.00 
1.95 
2.20 
3.60 
8.85 
3.30 
3.00 
3.00 
2.90 
2.75 
2.60 
2.45 
2.10 
1.05 
1.75 
1.45 
1.25 
1.65 
1.63 
1.60 
1.58 

1.55 
1.55 
1.50 
1.85 
1.80 
1.75 
1.70 
1.65 
1.60 
1.55 
1.50 
1.50 
1.50 
1.50 
1.50 
1.60 
1.55 
1.50 
1.45 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.35 
1.30 
1.30 
1.25 
1.20 

1.30 
1.30 
1.75 
1.70 
1.65 
1.60 
1.55 
1.65 
1.50 
1.50 
1.50 
1.45 
1.45 
1.40 
1.46 
1.40 
1.40 
1.35 
1.75 
1.75 
1.70 
1.65 
1.60 
1.55 
1.50 
1.40 
1.00 
.72 
.72 
.72 

0.70 

.70 

.75 

.72 

.72 

.7J 

.72 

.70 

.70 

.65 

.62 

1.00 

1.00 

.95 

.90 

.85 

1.00 

1.10 

1.00 

1.10 

1.65 

1.45 

1.95 

1.85 

1.70 

1.55 

1.40 

1.25 

1.00 

.80 

.75 

0.75 

.75 

.80 

.80 

1.75 

1.70 

1.65 

1.40 

1.20 

1.00 

.80 

.76 

.75 

.75 

.70 

.70 

.70 

.70 

.70 

.65 

.65 

.65 

.90 

1.10 

".'75* 
.75 
.80 

0.75 

.70 

.65 

.65 

.66 

.65 

.65 

.60 

.60 

.60 

.55 

.45 

.45 

.45 

.40 

.40 

.40 

.35 

.36 

.35 

.35 

.35 

1.85 

1.85 

1.75 

1.70 

1.05 

1.60 

1.55 

1.55 

1.50 

1.45 

1.40 

1.30 

1.25 

1.20 

1.10 

1.00 

.90 

.90 

.85 

.85 

1.90 

1.95 

1.85 

1.70 

1.45 

1.20 

1.00 

1.20 

1.10 

1.00 

.90 

.90 

.85 

1.10 

1.10 

1.00 

.95 

.90 

.85 

0.86 
.85 
.80 
.80 
.80 
.75 
.75 
.76 
.76 
.70 
.70 
.65 
.60 
.60 
.60 
.60 
.60 
.60 
.00 
.65 
.55 
.55 
.55 
.55 
.50 
.50 
.60 
.50 
.50 
.50 

0.50 

.50 

.50 

.90 

1.30 

1.15 

1.10 

1.00 

.95 

.96 

.90 

.85 

.86 

.80 

.80 

.80 

.80 

.80 

.85 

.85 

.90 

.90 

.90 

.95 

.96 

.96 

.95 

1.00 

1.00 

1.10 

1.10 

2 

3 

4 

5 

c 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

20 

27 

28 

29 

30 

31 

26  OPERATIONS   AT   RIVER   STATIONS,  1897. 

OLARKSVILLB  STATION  ON  DAN  AND  STAUNTON  RIYEBS. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  42,  is  a  short  distance  above  the  junction  of  the  Dan  and  Staun- 
ton rivers,  which  unite  to  form  the  Eoanoke  Eiver.  On  Dan  River  the 
rod  is  fastened  to  the  inside  of  the  guard  rail  of  the  fourth  panel  of 
the  third  span  west  of  the  Southern  Railroad  bridge.  The  distance 
from  the  zero  of  the  rod  to  the  outside  of  the  ])ulley  wheel  is  3  feet; 
the  length  of  the  wire  rope  is  33.17  feet.  The  water  power  from  Dan 
River  has  been  developed  to  a  considerable  extent  at  Danville.  An 
examination  at  points  above  showed  that  the  dams  at  Danville  x>ond 
the  water,  and  as  a  result  modify  the  natural  characteristics  of  the 
stream.  Tbe  gage  on  Staunton  River  is  fastened  to  the  inside  of  the 
guard  rail  of  the  fourth  panel  of  the  third  span  from  the  west.  The 
distance  from  the  zero  to  the  outside  of  the  pulley  wheel  is  3  feet;  the 
length  of  the  wire  gage  is  33.0  feet;  the  distance  of  the  water  surface 
below  the  top  and  upper  end  of  the  third-floor  beam  of  the  second  span 
from  the  west  wafe  27.15  feet  when  the  gage  height  was  0.25  foot.  The 
distance  from  the  east  abutment  of  the  Dan  River  bridge  to  the  west 
abutment  of  the  Staunton  River  bridge  is  165  feet.  The  observer  is 
Lucius  Wootton.  About  4  miles  above  the  junction  of  the  Dan  and 
Staunton  rivers  is  a  cut-off,  apparently  occupying  an  old  channel, 
diverting  water  from  the  Dan  to  the  Staunton.  This  cut-off,  by  carry- 
ing water  from  the  Dan,  vitiates  the  separate  computations  of  discharge 
made  at  the  stations  below,  but  does  not  affect  the  total  discharge  for 
the  Roanoke.  The  following  measurements  were  made  during  1897  by 
E.  W.  Myers: 

On  Dan  River : 

February  25,  fi^age  height,  12.33  feet;  diBcharge,  26,015  second-feet. 

March  18,  gage  height,  4.20  feet;  discharge,  7,755  second-feet. 

September  29,  gage  heigbt,  0.10  foot;  discharge,  856  second- feet. 

On  Staunton  River : 

February  25,  gage  height,  11.95  feet;  discharge,  29,259  second-feet. 

March  18,  gage  height,  3.67  feet ;  discharge,  8^326  second-feet. 

September  29,  gage  height,  — 0.25  foot;  discharge,  763  second-feet. 
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Dailjf  gage  height,  infeetf  of  Dan  Biver  at  ClarJceville,  Virginia,  for  1897. 


■ 

D«y. 

Jul. 

Feb. 

Mar. 

Apr. 

1 

1.98 
1.95 
2.00 
2.15 
2.35 
2.85 
3.15 
3.45 
3.25 
4.10 
3.72 
3.45 
3.15 
2.95 
2.70 
2.45 
2.17 
2.05 
1.98 
1.90 
1.86 
1.78 
1.75 
1.75 
1.72 
1.68 
1.63 
1.60 
1.57 
1.55 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Deo. 

1 

2 

•J 

1.75 
1.75 
1.74 
1.74 
1.75 
1.77 
1.75 
1.71 
1.C8 
1.65 
1.62 
1.00 
1.5H 
1.65 
1.68 
1.05 
1.68 
2.50 
3  45 
4.05 
3.50 
2.65 
2.05 
1.85 
1.75 
1.55 
1.25 
.85 
1.15 
1.25 
2.10 

2.70 
3.20 
4.05 
2.70 
1.85 
2.35 
6.35 
12.29 
9.20 
4.75 
3.15 
2.70 
3.05 
3.35 
3.15 
3.70 
4.05 
3.25 
2.85 
3.35 
4.10 
6.70 
8.45 
11.52 
12.80 
4.64 
3.25 
3.05 

2.90 
2.75 
2.67 
2.35 
3.55 
4.65 
4.75 
4.60 
4.47 
3.98 
4.03 
4.78 
4.90 
5.70 
4.95 
4.10 
3.45 
4.30 
3.95 
3.62 
3.40 
3.22 
3.03 
2.70 
2.55 
2.35 
2.28 
2.25 
2.15 
2.08 
2.03 

1.72 
2.85 
5.30 
4.80 
3.25 
3.10 
3.70 
3.45 
3.05 
2.75 
3.25 
3.95 
4.25 
4.9» 
5.30 
4.  65 
4.15 
3.75 
8.15 
2.85 
2.25 
1.90 
1.68 
1.85 
1.83 
1.79 
1.77 
1.73 
1.66 
1.63 
1.60 

1.60 

1.56 

1.55 

1.63 

1.70 

1.08 

1.00 

1.04 

1.04 

1.03 

1.02 

1.00 

.98 

.98 

.96 

.95 

.94 

.92 

.90 

.95 

.90 

.88 

.90 

.95 

.93 

.90 

.88 

.95 

.88 

.80 

1.10 

1.03 

.08 

.95 

.90 

.87 

.83 

.98 

.90 

.85 

.80 

.70 

1.75 

l.JO 

1.  IH 

.90 

.75 

.88 

1.98 

1.85 

2.25 

1.48 

1.25 

1.17 

.98 

.79 

.70 

.68 

1.15 

1.08 

.77 

0.71 
.67 
.55 
.48 
.42 
.38 
. :  5 
.35 
.37 
.73 
.79 
.08 
.65 
.48 
.42 
.48 
.55 
.75 
.85 
.95 

1.08 
.70 
.89 
.75 
.58 
.42 
.35 
.30 
.28 
.28 
.25 

0.23 
.20 
.15 
.15 
.CO 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.05 
.25 
.40 
.25 
.10 
.08 

0. 05     1.  55 
.05     1.92 
.03     2.45 
.01     2.05 

—  .03     1  60 

—  .  05     1.  20 
.09       .98 
.15       .85 

—  .  02       .68 
-H  .06       .55 

.05       .42 

MO      .:{5 

1.95       .25 

1.25       .25 

1.10       .18 

.95       .14 

1.65       .10 

2.10       .05 

2.48       .25 

3.00  '     .23 

1. 55       .  23 

.  75       .  22 

1.10       .20 

.88       .18 

.65       .30 

.85  1     .35 

1.15'     .58 

2.25  1  2.10 

2. 85  1  5. 40 

2.10     3.35 

1.85  , 

1 

2.75 

2.35 

2.05 

1.90 

1.85 

1.65 

1.40 

1.18 

1.05 

.85 

.70 

.65 

.60 

.65 

.85 

.95 

1.25 

1.55 

1.40 

1.10 

1.70 

2.35 

4.10 

3.45 

2.65 

4 

,      5 

1  c.:::.. ...... 

7 

K 

0 

10 

11 

1     12 

1     13 

'     U 

'     16 

:    17 

18 

19 

•JO 

•-»1 

2.i 

24 

25 

26 

2.18    , 

27 

1.80    > 

28 

1.45 

1.20 

1.10 

.95 

29 

ao 

31 

Dailg  gage  htighi,  in  fett,  of  Staunton  Hirer  at  ClarktriUe,  T'iryinia,  for  1S97. 


''\ 


Day. 

Jan. 

1 

2.75 

2 

2.75 

3 

2.74 

4 

2.74 

5 

2.75 

0 

7 

8 

2.77 
2.75 
2.71 

9 

2.68 

10 

2.65 

11 

12 

2.62 
2.60 

13 

2.58 

14 

2.65 

15 

2.68 

16 

17 

2.65 
2.6S 

18 

3.51 

19 

4.47 

20 

6.07 

21 

4.52 

22 

3.66 

23 

8.06 

24 

2.85 

25 

1.74 

26 

1.54 

27 

1.24 

28 

.83 

29 

1.14 

30 

1.24 

31 

2.85 

Feb. 


3.60 
4.10 
4.92 
3.55 
2.68 
3.23 
6.05 
11.85 
8.85 
4  25 
2.58 
2.20 
3. 50 
2.85 
2.55 
3. 15 
3.70 
2.90 
2.35 
2.85 
2.90 
0.07 
7.75 
10.70 
12. 04 
3.05 
2.65 
2.35 


2. 

2. 
2. 
2. 


Apr.  May.  June.'  Jaly. 


2.25 

2.12 

2.05 

1.93 

2.85 

4.02 

4  20 
4.05 
3.85 
3.35 
3.45 


20 
35 
15 
37 
60 


2.97 
3.78 
3.40 
3.15 
90 
77 
50 
30 
2.  05 
1.98 
l.&t 
1.80 
1.72 
1.68 
1.65 


1.60 
1.55 
1.60 
1.70 
1.92 
2.52 
2.75 
2.95 
2.72 
3.55 
3.15 
2.85 
2.53 
2.30  I 
2.05 
1.75  , 
1.46  ; 
1.45  I 
1.38 
1.33  I 
1.28 
1.20 
1.15 
1.15 
1.15 
1.12 
1.08 
1.05 
1  01 
.95 


1.15 
2.48 
4.72 
4.30 
2.70 
2.52 


10 
98 
60 
28 
85 
45 


4. 
4. 
4. 
3. 


i.oa 

.98 
.96 
1.03 
1.11 
1.09 
1.06 
1.05 
1.05 
1.02 
1.98 
1.96 


3.73 


43 
72 
10 
05 
3.28 
2.75 
2.58 
1.70 
1  57 
1.33 
1.29 
1.26 
1.21 
1.18 
1.13 
1  05 
1.02 
1.00 


I 


0.65 
.60 
.57 
.54 
.51 
.66 
.59 
.48 
.34 
1.15 
.80 
.61 
.50 
.40 
.48 
1.43 
1.35 
1.05 
1.15 
.87 
.84 
.51 
.46 
.34 
.32 
.78 
.58 
.45 


Ang.   Sept. 


Oct. 


0.35 

0.30 

0.31 

.31 

.20 

—  .31 

.28 

.00 

—  .35 

.20 

.00 

-  .40 

.14 

.00 

-  .45 

.10 

.00 

—  .48 

.08 

.00 

-   .  .52 

.08 

.00 

—  .58 

.09 

.00 

-  .05 

.40 

.00 

--  .40 

.46 

.00 

f    .40 

.31 

.00 

.60 

.2ft 

.00 

1.55 

.20 

.00 

.60 

.11 

.00 

.60 

.20 

.00 

.5:1 

.28 

.00 

1.05 

.40 

.00 

l.:t3 

.50 

.00 

1.79 

.65 

.00 

2.30 

.71 

.00 

1.00 

.34 

.00 

.25 

.48 

.00 

.60 

.40 

.00 

.30 

.30 

.00 

.07 

.10 

.00 

.28 

.00 

.05 

.62 

.07 

.00 

1.85 

.80 

— .2^ 

2.40 

.80 

-.28 

1.33 

.,50 

1.30 

Nov. 

Dec. 

1.00 

2.20 

1.50 

1.85 

2.12 

1.63 

1.55 

1.47 

.95 

1.30 

.78 

1.18 

.59 

1.02 

.43 

.84 

.25 

.70 

.12 

.52 

.05 

.40 

.02 

.37 

-  .05 

.35 

-  .10 

.37 

-  .20 

.52 

-  .24 

.57 

—  .30 

.65 

—  .38 

1.00 

-  .10 

1.02 

—  .13 

.72 

—  .13 

1.25 

—  .14 

1.85 

-  .16 

4.50 

-  .20 

2.88 

—  .05 

2.08 

-  .02 

1.68 

+  .17 

1.35 

1.33 

1.05 

4.70 

.80 

2.77 

.70 

.57 

June  It  to  July  3  no  reports ;  repairing  l>ridge. 
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OPEEATIONS  AT  ftlVER   STATIONS,  1897. 


NEAX  STATION  ON  BOANOEE  BIYEB. 

This  station,  described  in  the  Eighteenth  Annnal  Beport,  Part  IV, 
page  47,  is  on  the  Norfolk  and  Carolina  Railroad  bridge  near  Neal, 
North  Carolina.  The  zero  of  the  gage  rod  is  over  the  center  of  the 
fourth  floor  beam  of  the  second  span  from  the  north  end  of  the  bridge. 
The  distance  from  the  zero  of  the  rod  to  the  enter  rim  of  the  pulley  is 
2.47  feet,  and  the  distance  from  the  end  of  the  weight  to  the  pointer  on 
the  wire  is  44.66  feet.  The  section  is  a  fairly  good  one,  for  the  coarse 
of  the  river  is  straight  for  some  distance  above  and  below  the  station, 
and  the  bottom  is  smooth.  Being  muddy,  however,  the  bottom  is  apt 
to  cut  out  in  seasons  of  high  water,  and  both  banks  are  liable  to  over- 
flow. The  observer  is  W.  M.  Adams,  Neal,  North  Carolina.  The  fol- 
lowing measurements  were  made  during  1897  by  E.  W.  Myers: 

January  23,  gage  height,  12.65  feet;  discharge,  13, 156  second-feet. 
February  27,  gage  height,  27.95  feet;  discharge,  64,132  second -feet. 
March  17,  gage  height  24.71  feet;  discharge,  37,659  second-feet. 
May  17,  gage  height,  18.40  feet ;  discharge,  19,219  second- feet. 
October  1,  gage  height,  1.00  feet ;  discharge,  1,928  second-feet. 

Daily  gage  height,  in  feet,  of  Boanoke  Biver  at  Neal,  North  Carolina,  for  JS97, 


Day. 

Jan. 

fob. 

Mar. 

Apr. 

May. 

June. 

July.  Aug. 

Sept 

2.20 

2.10 

2.90 

8.90 

8.40 

2.60 

2.00 

1.60 

1.10 

.90 

.80 

.60 

.60 

.50 

.40 

.80 

.10 

.10 

.00 

.10 

.00 

.00 

.10 

.20 

.40 

.30 

.30 

.80 

1.90 

1.60 

Oct. 

Nov. 

Deo. 

1 

4.40 
4.70 
5.00 
4.00 
4.90 
4.60 
4.40 
4.40 
4.50 
4.50 
4.20 
8.00 
8.80 
4.00 
4.20 
4.20 
4.10 
4.20 
4.60 
4.70 
5.00 
7.00 
12.65 
18.90 
13.00 
10.80 
8.60 
7.50 
6.00 
8.40 
3.10 

3.40 
4.80 
11.50 
20.25 
21.50 
20.90 
21.10 
22.80 
24.80 
26.30 
20.55 
24.65 
22.70 
21.20 
20.60 
19.20 
18.00 
17.90 
16.70 
14.70 
14.20 
20.16 
22.45 
24.06 
25.80 
27.25 
28.00 
26.40 

24.20 
23.70 
19.10 
16.90 
14.90 
13.60 
15.20 
21.05 
22.25 
22.70 
22.20 
21.60 
22.30 
28.40 
23.00 
24.40 
24.70 
24.40 
23.40 
22.00 
20.70 
20.40 
19.30 
17.60 
15.90 
14.50 
13.40 
12.20 
11.30 
10.40 
9.80 

9.80 

9.00 

8.70 

8.50 

8.40 

9.40 

11.00 

14.10 

13.40 

14.10 

19.90 

19.60 

17.00 

14.40 

12.50 

11.10 

10.20 

9.70 

9.40 

9.00 

8.40 

7.80 

7.10 

7.10 

6.80 

6.70 

e.60 

6.50 

6.50 

6.60 

6.40 

6.40 

6.80 

12.60 

17.10 

14.90 

12.40 

10.60 

9.10 

8.10 

7.40 

6.90 

7.00 

8.90 

17.80 

19.40 

19.10 

16.70 

13.70 

11.20 

9.50 

8.40 

7.80 

7.40 

7.30 

7.40 

11.00 

11.40 

9.37 

7.40 

6.30 

5.00 
5.60 
5.90 
5.90 
5.80 
4.90 
5.70 
7.40 
7.60 
6.20 
5.60 
6.00 
5.60 
6.30 
4.70 
4.40 
4.10 
4.00 
8.90 
3.60 
5.80 
11.40 
11.50 
8.10 
5.80 
4.40 
4.10 
4.60 
4.75 
4.50 

8.90 
8.40 
3.10 
6.80 
6.90 
5.30 
3.90 
8.80 
8.30 
5.00 
6.20 
4.80 
5.40 
5.80 
6.20 
6.90 
6.10 
4.40 
3.40 
8.80 
5.10 
8.30 
9.90 
9.10 
7.10 
6.70 
4.90 
4.70 
4.00 
3.90 
4.40 

8.90 
3.20 
2.60 
2.10 
2.00 
2.10 
1.90 
1.90 
2.40 
3.10 
8.00 
3.30 
4.30 
8.30 
2.90 
2.60 
2.10 
1.80 
1.40 
3.00 
2.60 
2.40 
2.30 
2.70 
4.20 
4.90 
4.20 
3.10 
2.60 
2.40 
2.40 

1.20 

.80 

.60 

.50 

.40 

.30 

.30 

.20 

.10 

.10 

.10 

.20 

.20 

.80 

.30 

6.40 

5.60 

3.90 

2.60 

1.80 

2.10 

2.30 

2.10 

3.70 

4.40 

4.10 

3.80 

3.70 

3.60 

3.70 

8.40 

8.10 
8.40 
4.20 
5.50 
8.10 
7.80 
5.80 
4.60 
8.60 
3.00 
2.67 
2.50 
2.40 
2.20 
2.15 
2.10 
2.00 
1.98 
L93 
1.93 
1.90 
1.90 
1.90 
1.80 
1.80 
1.90 
2.00 
2.00 
3.90 
11.18 

11.00 
10.10 
8.70 
7.80 
6.80 
6.90 
7.70 
7.80 
7.20 
6.50 
5.70 
4.80 
4.48 
4.10 
4.10 
4.15 
6.00 
7.40 
7.30 
6.20 
5.60 
5.20 
6.83 
11.00 
12.50 
4.30 
9.60 
9.30 
11.00 
11.80 
10.20 

2 

8 

4 

5 

6 

7 

8 

0 

10 

11 

12 

18 

U 

15 

16 

17 

18 

19 

20 

ai 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 

SOUTH   ATLANTIC   WATERSHED. 
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TASBOBO   STATION   ON  TAB  BIYBB. 

This  station,  described  in  tiie  Eighteenth  Annual  Report,  Part  lY, 
page  50,  is  on  the  Atlantic  Coast  Line  bridge  crossing  the  river  at  Tar- 
boro,  North  Carolina.  The  zero  of  the  gage  is  over  the  center  of  the 
fifth  floor  beam  from  the  east  end  of  the  bridge.  The  outer  rim  of  the 
pulley  is  3  feet  from  the  zero  of  the  gage,  and  the  distance  from  the  end 
of  the  weight  to  the  x>ointer  on  the  wire  is  38.30  feet.  The  gage  read- 
ing is  zero  when  the  weight  touches  the  bottom  of  the  stream.  The 
river  here  is  a  little  obstructed  by  sand  bars.  The  observer  is  R.  H. 
Williams.  The  following  discharge  measurements  were  made  by  £.  W. 
Myers  during  1897 : 

January  23,  gage  height  6.64  feet ;  discharge,  3,520  Becond-feet. 
February  26,  gage  height  13.51  feet ;  discharge,  8,106  second- feet. 
March  15,  gage  height,  18.13  feet;  discharge,  12,993  second-feet. 
May  17,  gage  height,  6.30  feet;  discharge,  3,058  second-feet. 
July  29,  gage  height,  2.25  feet;  discharge,  1,079  second-feet. 
October  2,  gage  height,  — 0.65  feet;  discharge,  192  second-feet. 


Daily  gage  height j  in  feet,  of  Tar  Biver  at  Tarboro,  North  Carolina,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

0.70 
.60 
.40 
.30 
.20 
.40 
.30 

1.05 
.60 
.60 

Aog. 

Sept. 

1 

8.50 
3.56 
3.80 
3.81 
8.25 
8.22 
8.15 
3.00 
2.90 
2.80 
2.50 
2.45 
2.55 
2.60 
3.00 
8.35 
3.43 
3.50 
8.40 
8.35 
8.40 
4.80 
6.25 
8.80 
6.45 
4.80 
4.30 
4.40 
4.10 
3.90 
8.05 

8.10 

5.50 

7.40 

&90 

10.20 

10.22 

9.80 

10.10 

11.88 

12.35 

11.10 

8.09 

7.00 

6.98 

7.51 

6.70 

6.15 

6.80 

6.20 

5.55 

6.00 

7.95 

9.62 

11.25 

12.15 

18.30 

13.75 

13.00 

11.00 

10.00 

8.00 

6.90 

6.20 

6.60 

6.60 

8.55 

10.80 

11.80 

11.70 

11.10 

12.80 

15.00 

16.50 

17.90 

19.20 

19.60 

19.70 

18.15 

16.00 

13.60 

11.80 

9.10 

7.80 

7.00 

6.20 

5.40 

4.90 

4.70 

4.50 

4.35 
4.30 
4.00 
4.30 
4.95 
6.10 
7.50 
8.50 
7.40 
7.80 
11.00 
13.40 
14.90 
14.50 
13.60 
11.50 
8.60 
6.70 
6.70 
5.00 
4.30 
3.90 
3.70 
3.50 
3.40 
3.10 
3.20 
3.00 
2.80 
2.70 

2.66 
4.10 
6.10 
5.90 
6.10 
3.80 
3.30 
3.10 
2.70 
2.60 
2.40 
2.25 
2.36 
3.80 
6.40 
7.60 
7.00 
4.60 
3.60 
3.00 
2.70 
2.30 
1.80 
1.70 
1.80 
1.60 
1.50 
1.00 
2.00 
1.60 
1.40 

1.50 
1.40 
2.70 
2.20 
1.75 
1.60 
1.35 
2.00 
2.02 
1.65 

1.80 

1.25 

1.20 

.70 

.50 

.45 

.40 

1.30 

1.00 

.90 

.50 

.40 

.85 

.60 

.20 

.15 

.35 

.10 

—  .10 

—  .08 
.08 

—  .05 

—  .15 
.50 
.80 
.62 
.40 
.23 
.06 
.02 
.65 

0.90 

2 

3.00 

8 

5.00 

4 

3.00 

5 

0 

2.10 
1.35 

7 

1.40 

8 

9 

10 

1.00 
.70 
.40 

11 

1.30 

1.60 

.10 

12 

1.35 

1.15 

1.10 

1.10 

1.05 

.80 

1.50 

.90 

.60 

.40 

2.60 

2.10 

1.40 

1.00 

.80 

.70 

.65 

1.10 

1.09 

1.63 
2.50 
7.20 
5.80 
4.70 
2.80 
2.00 
1.33 
1.28 
1.20 
3.70 
8.05 
6.80 
4.50 
3.30 
2.80 
2.80 
2.25 
2.60 
2.30 

—  .05 

13 

—  .07 

14 

—  .02 

15 

.02 

18 

—  .05 

17 

—  .21 

18 

—  .20 

19 

—  .20 

20 

—  .30 

21 

.50 

22 

—  .80 

23 

24 

—  .40 

—  .85 

25 

—  .40 

28 

—  .50 

27 

28 

—  .80 
.85 

20 

—  .66 

30 

—  .60 

81 

Got. 

Nov. 

Deo. 

-0.60 

0.80 

2.20 

.85 

1.40 

8.10 

—  .70 

2.00 

3.00 

—  .62 

4.64) 

2.60 

—  .64 

4.40 

2.30 

.40 

3.00 

2.80 

—  .60 

2.10 

3.20 

.80 

1.60 

2.80 

—  .70 

1.65 

2.40 

—  .60 

1.20 

2.20 

—  .50 

.80 

1.90 

—  .52 

.90 

1.90 

—  .50 

.70 

1.60 

.51 

.50 

1.70 

—  .83 

.60 

1.90 

—  .71 

.70 

2.10 

—  .90 

.50 

2.20 

—1.00 

.40 

2.90 

.90 

.45 

2.80 

—  .80 

.50 

2.00 

-.60 

.40 

2.10 

.55 

.46 

2.20 

+  .60 

.65 

3.30 

.80 

.45 

5.30 

.70 

.40 

6.10 

.90 

.35 

4.20 

.50 

.46 

4.00 

.70 

1.00 

4.10 

1.50 

1.80 

5.00 

1.60 

2.10 

4.80 

1.30 

>•««•« 

8.90 

30 


OPERATIONS   AT    RIVER    STATIONS,  1897. 


SELMA  STATION  ON  NEUSE  BIVBB. 

This  station,  described  in  the  Eighteenth  Annual  Eeport,  Part  IV, 
page  52,  is  located  on  the  Southern  Railway  bridge  about  3  miles  from 
Selnia,  North  Carolina.  The  zero  of  the  gage  rod  is  over  the  center 
of  the  fifth  floor  beam  of  the  first  span  from,  the  south  end  of  the 
bridge.  The  distance  from  the  zero  of  the  gage  to  the  outer  rim  of 
the  pulley  is  4  feet,  and  the  distance  from  the  end  of  the  weight  to 
the  pointer  on  the  wire  is  41.05  feet.  The  bed  of  the  river  here  is  sandy 
and  muddy  and  is  liable  to  change  in  high  water.  The  course  of  the 
river  is  straight  and  tbere  is  only  one  pier  obstruction.  The  observer 
is  C.  Richardson,  Belma,  North  Carolina.  The  following  discharge 
measurements  were  made  by  E.  W.  Myers  during  1897 : 

Janaary  24,  gage  height,  6.45  feet;  discharge,  1,810  second-feet. 
February  23,  gage  height,  10.60  feet ;  disohargo,  4,052  seoond-feet. 
March  10,  gage  height,  7.95  feet;  discharge,  2,639  seooDd-feet. 
May  18,  gage  height,  2.40  feet;  discharge,  789  second-feet. 
July  28,  gage  height,  1.60  feet;  discharge,  694  second- feet. 
October  1,  gage  height,  —0.30  foot;  discharge,  109  second-feet. 

Daily  gage  height,  in  feet,  of  Neuse  River  at  Selma,  North  Carolinay/or  1897. 


Day. 

Jan. 

1.30 
1.40 
1.30 
1.20 
1.20 
1.20 
1.20 
1.10 
1.10 
1.10 
1.10 
1.10 
1.20 
1.30 
1.60 
1.70 
1.70 
1.80 
2.20 
2.50 
2.90 
8.30 
9.30 
8.00 
4.30 
4.00 
3.80 
3.40 
2.80 
2.50 
2.20 

F«b. 

1.70 

2.80 

6.70 

7.40 

8.60 

5.00 

12.40 

13.20 

13.20 

7.50 

5.70 

4.40 

4.20 

4.40 

4.50 

4.80 

4.70 

4.50 

4.40 

3.00 

3.50 

5.50 

10.60 

11.40 

11.30 

7.70 

7.30 

4.60 

Mar. 

Apr. 

2.60 
2.50 
2.40 
2.90 
3.40 
10.10 
9.70 
5.80 
4.70 
14.50 
13.90 
10.50 
7.00 
5.20 
3.80 
8.70 
3.50 
3.20 
2.90 
2.60 
2.40 
2.20 
2.10 
2.00 
2.00 
1.90 
1.90 
1.90 
1.80 
1.80 

1 

8.00 

8.70 

3.40 

3.10 

2.80 

2.80 

5.20 

9.90 

10.50 

8.80 

9.00 

11.20 

15.80 

14.70 

16.50 

16.80 

15.70 

15.00 

11.70 

8.80 

8.20 

6.20 

4.60 

4.20 

3.70 

3.40 

3.10 

3.00 

2.70 

2.60 

2.60 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28 

27 

28 

29 

80 

31 

May. 

June. 

July. 
0.80 

Aug. 
0.70 

Sept 
0.10 

Oct. 

Nov. 

1 
Dec. 

2.20 

6.00 

— 0..10 

0.00 

1.80 

3.20 

4.60 

1.20 

.60 

.10 

—  .HO 

.00 

1.70 

4.00 

2.90 

.80 

.50 

.10 

—  .W 

.00 

1.50 

5.90 

2.30 

.60 

.40 

.10 

—  .30 

.45 

1.40 

3.80 

1.70 

.50 

.20 

.20 

—  .30 

.50 

2.30 

2.20 

1.80 

.40 

.20 

.20 

—  .80 

.60 

2.30 

2.00 

3.20 

.70 

.20 

.10 

—  .30 

1.00 

2.00 

1.90 

2.60 

.60 

.20 

.10 

—  .30 

1.00 

1.70 

1.80 

1.90 

.60 

.20 

.10 

—  .30 

1.00 

1.30 

1.60 

1.60 

1.20 

.20 

.10 

-.30 

.80 

1.00 

1.60 

1.40 

1.30 

.20 

.10 

—  .80 

.80 

1.00 

2.20 

2.10 

2.20 

.10 

.10 

-  .30 

.70 

1.20 

2.00 

1.10 

5.50 

.10 

.10 

—  .30 

.40 

1.10 

5.00 

1.00 

5.30 

.10 

.10 

-  .30 

.40 

1.00 

8.80 

.90 

4.80 

.10 

.10 

~  .30 

.40 

1.10 

9.60 

.80 

2.30 

.10 

.10 

-  .30 

.40 

3.00 

4.30 

.70 

1.20 

.20 

.10 

—  .40 

.40 

2.70 

2.60 

.60 

1.10 

.20 

.10 

-  .40 

.40 

1.90 

2.30 

1.10 

1.00 

.10 

—.10 

—  .80 

.30 

1.20 

2.00 

.60 

1.30 

.10 

—.10 

-.30 

.30 

1.30 

1.90 

2.20 

4.10 

.10 

—.10 

-H  .10 

.30 

2.30 

1.80 

1.40 

5.50 

.80 

—.10 

.40 

.30 

4.20 

1.60 

1.10 

5.60 

1.40 

—.10 

.10 

.20 

5.80 

1.60 

.90 

2.50 

1.80 

—.10 

.20 

.20 

6.00 

1.80 

2.00 

1.50 

1.40 

—.10 

.20 

.20 

4.50 

2.00 

1.30 

2.30 

.90 

—.30 

.30 

.20 

3.00 

2.40 

.80 

1.00 

.60 

—.30 

.40 

.20 

3.50 

1.80 

.60 

1.60 

.30 

-.30 

.80 

.20 

4.10 

1.40 

.70 

1.60 

.10 

—.30 

.30 

1.90 

4.50 

1.60 

1.80 

1.10 

.10 

—.30 

.20 

2.30 

4.20 

1.50 

.80 

.10 

.00 

8.10 
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FATETTBTILLE  STATION  ON  CAPE  FEAB  RITEB. 


This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  54«  is  at  the  bridge  of  the  Cape  Fear  and  Yadkin  Valley  Railroad, 
about  a  mile  east  of  Fayetteville,  North  Carolina.  The  Weather  Bnreaa 
has  a  gage  fastened  to  the  lower  side  of  the  east  abutment  of  the  cov- 
ered highway  bridge,  this  being  about  400  feet  above  the  railroad 
bridge,  from  which  discharge  measurements  are  made.  For  the  lower 
29  feet  this  gage  consists  of  a  rod  divided  into  tenths  and  firmly  fastened 
to  the  abutment.  Above  the  29-foot  mark  a  sccde  is  painted  on  the 
rock.  The  observer  is  Frank  Glover,  who  has  charge  of  the  steamboat 
landing  just  below  the  railroad  bridge.  For  his  convenience  he  has 
placed  a  subsidiary  gage  at  the  steamboat  landing  reading  about  the 
same  as  the  official  gage,  and  from  this  observations  are  taken.  The 
following  discharge  measurements  were  made  by  £•  W.  Myers  during 
1897: 

March  12,  gage  height,  23.00  feet;  discharge,  16,777  second-feet. 
Jnly  27,  gage  height,  7.00  feet ;  discharge,  2,682  socond-feet. 
September  30,  gage  height,  0.70  foot ;  discharge,  424  second- feet. 

Dailif  gage  height,  in  feet,  of  Cape  Fear  Biver  at  Fayettevillej  North  Carolina,  for  1897, 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
1». 
20. 
21. 


Jan. 


6.20 
6.00 
5.50 
6.50 
5.30 
5.00 
4.80 
4.60 
4.60 
4.40 
4.20 
4.10 
4.00 
4.50 
6.00 
6.40 
7.80 
7.00 
8.50 
9.60 
7.80 

22 20.40 

23 1  24.65 

24 !  16.80 

25 i  12.60 

26 8.50 

27 7.20 

26 7.00 

29 6.60 

36 6.90 

31 5.C0 


Feb.  I  Mar. 


5.50 
5.90 
25.00 
27.00 
19.70 
15.00 
29.10 
36.50 
32.00 
24.30 
17.60 
13.00 
18.20 
19.00 
16.30 
12.80 
18.20 
15.00 
12.00 
10.80 
14.00 
24.30 
23.50 
23.50 
24.20 
28.30 
20.40 
16.60 


13.40 

11.70 

10.20 

9.00 

8.50 

7.60 

9.20 

25.60 

26.20 

20.00 

21.40 

22.00 

29.70 

32.00 

36.40 

87.60 

37. 6U 

20.00 

23.80 

19.20 

18.00 

16.60 

13.70 

11.20 

10.00 

9.30 

8.40 

8.00 

7.40 

7.20 

7.20 


7.70 

8.0O 

7.30 

8.00 

9.80 

27.00 

28.30 

22.00 

15.40 

23.50 

28.00 

22.70 

18.30 

14.30 

12.80 

10.20 

10.00 

9.80 

8.40 

7.70 

7.00 

6.70 

6.30 

5.80 

5.50 

5.50 

5.20 

4.70 

4.50 

4.40 


6.10 

10.00 

14.40 

13.20 

9.30 

8.00 

6.30 

5.60 

5.00 

4.60 

4.20 

5.20 

6.00 

10.00 

17.40 

14.00 

10.30 

8.30 

6.70 

5.50 

4.80 

4.60 

4.30 

4.20 

4.30 

4.60 

4.50 

4.40 

4.00 

4.40 

4.30 


7.00 
8.60 
I  6.50 
I  5.00 
j  4.20 
4.30 
7.00 
5.50 
7.00 
7.80 
5.50 
'  4.40 
:  4.20 
I  3.50 
8.20 
3.00 
2.70 
3.00 
3.50 
4.50 
4.30 
3.50 
3.00 
2.40 
1.80 
4.80 
3.40 
2.80 
3.70 
4.00 


5.00 
3.20 
2.50 
2.00 
1.90 
3.90 
4.20 
4.80 
4.20 
4.00 
4.00 
3.90 
6.00 
11.10 
6.00 
4.60 
3.20 
3.20 
3.80 
5.50 
16.50 
25.30 
16.40 
12.70 
8.50 
6.10 
7.00 
7.30 
6.90 
5.60 
5.00 


I 


Aug. 


4.70 
3.20 
3.00 
2.70 
2.20 
2.60 
4.10 
6.80 
6.20 
6.20 
5.40 
4.30 
3.50 
3.00 
2.40 
3.80 
3.00 
2.50 
2.20 
3.00 
3.20 
5.00 
5.20 
6.50 
5.60 
4.90 
4.00 
3.50 
2.90 
2.50 
2.50 


Sept    Oct 


Not. 


2.20 

4.60 

8.50 

3.00 

2.60 

2.10 

1.80 

1.50 

1.10 

1.10 

1.10 

1.10 

.90 

.80 

.70 

.60 

.30 

.80 

.80 

.90 

1.40 

1.40 

1.10 

1.10 

1.10 

1.10 

.90 

1.10 

.80 

.70 


0.70 

.70 

.80 

.60 

.70 

.50 

.30 

.20 

.20 

.30 

.60 

.60 

.60 

.60 

.40 

.30 

.30 

.30 

.30 

.40 

.00 

1.50 

1.60 

1.70 

2.00 

2.20 

1.90 

1.00 

1.70 

1.90 

1.70 


1.90 
5.60 
9.70 
9.30 
7.20 
5.00 
4.00 
3.50 
2.00 
2.60 
2.40 
2.50 
2.40 
2.30 
2.00 
2.00 
1.80 
1.60 
1.90 
1.90 
1.70 
1.70 
1.70 
1.50 
1.40 
1.60 
1.70 
1.90 
2.30 
3.50 


Deo. 


5.50 
6.00 
5.10 
4.60 
4.30 
5.10 
5.20 
4.70 
4.10 
3.70 
3.40 
3.30 
3.30 
3.00 
3.00 
4.00 
4.00 
5.20 
4.50 
3.00 
3.50 
3.50 
4.80 
9.00 
7.80 
5.70 
6.00 
10.00 
9.50 
7.10 
5.00 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


SAX.ISBURT  STATION  ON   YADKIN  RIVER. 


This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  57,  is  at  the  Southern  Eailway  bridge  near  Holtsburg,  below  the 
mouth  of  Grants  Greek,  about  4  miles  from  Salisbury,  North  GaroUna. 
The  10-foot  mark  of  the  gage  rod  is  opposite  the  center  of  the  sixth 
floor  beam  on  the  lower  side  of  the  first  span  from  .the  west  end.  The 
distance  from  the  zero  of  the  rod  to  the  outside  of  the  pulley  wheel  is 
1.85  feet.  The  length  of  the  wire  rope  and  weight  is  55.10  feet  The 
post-office  address  of  the  observer,  H.  A.  Eagle,  is  Sapona,  ^N^orth  Caro- 
lina, the  nearest  railroad  station,  Holtsburg,  being  merely  a  siding. 
The  locality  is  reached  by  wagon  from  Salisbury.  Discliarge  measure- 
ments are  made  from  the  lower  side  of  the  deck  bridge,  the  zero  point 
being  on  the  lefb  bank.  The  channel  is  obstructed  by  three  piers,  with 
large  rafts  of  driftwood  lodged  against  each  and  sand  bars  below 
each.  There  are  also  some  rocks  in  the  river,  and  the  bottom  is  rough. 
The  following  discharge  measurements  were  made  by  E.  W.  Myers 
during  1897 : 

Febraary  13,  gage  height,  4.20  feet;  diBcharge,  10,141  Beoond-feet. 
March  20,  gage  height,  4.45  feet;  discharge,  11,837  second-f'set. 
April  8,  gage  height,  3.90  feet ;  discharge,  9,992  second-feet. 
August  4,  gage  height,  2.18  feet;  discharge,  3,422  second- feet. 
October  6,  gage  height,  1.40  feet;  discharge,  1,300  seoond-feet. 

Daily  gage  height,  in  feet,  of  Tadkin  Biver  at  Saiiehury,  North  Carolina,  for  1897. 


Day. 


1 

2 

8 

4 

5 

0 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

80 

81 


Jan. 


2.06 
2.04 
2.02 
2.01 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.08 
2.)0 
2.12 
2.50 
2.52 
2.56 
8.40 
4.60 
3.65 
2.85 
2.58 
2.45 
2.30 
2.22 
1.90 
1.88 
2.13 


Feb. 


2.60 
2.90 
5.80 
4.30 
3.00 
3.50 
11.10 
7.57 
5.20 
3.75 
3.00 
8.70 
4.20 
3.70 
8.20 
2.79 
2.90 
2.60 
2.60 


5.60 
5.00 
9.50 
6.70 
4.70 
8.50 
8.00 


Mar. 

Apr. 

May 

Jnne. 

July. 

2.90 

2.80 

3.50 

2.80 

2.00 

2.80 

2.70 

4.50 

2.70 

2.00 

2.70 

2.80 

4.00 

2.20 

1.90 

2.70 

3.00 

8.20 

2.20 

2.00 

2.60 

5.50 

2.70 

2.60 

2.00 

2.50 

10.20 

2.50 

2.40 

2.10 

8.30 

6.50 

2.40 

2.50 

2.00 

7.50 

4.20 

2.40 

6.80 

2.60 

6.60 

4.30 

2.40 

5.00 

2.90 

5.90 

4.00 

2.30 

5.30 

2.40 

6.10 

4.00 

2.40 

5.00 

2.40 

6.10 

8.20 

2.40 

4.10 

2.00 

6.10 

3.00 

3.00 

2.80 

4.50 

6.10 

3.00 

5.20 

2.80 

8.00 

6.40 

3.10 

3.90 

2.60 

2.40 

5.30 

3.20 

3.10 

2.40 

2.10 

5.20 

2.80 

2.50 

2.20 

1.90 

4.40 

2.80 

2.50 

2.20 

2.40 

4.00 

2.90 

2.50 

2.20 

3.40 

4.40 

2.80 

2.40 

2.70 

8.70 

4.30 

2.70 

2.40 

2.30 

3.00 

3.90 

2.60 

2.20 

2.10 

3.20 

3.40 

2.60 

2.10 

2.10 

2.10 

3.00 

2.40 

2.20 

1.90 

2.30 

3.00 

2.30 

3.60 

1.90 

3.00 

2.90 

2.40 

8.00 

1.80 

2.10 

2.80 

2.40 

2.7U 

1.90 

3.40 

8.00 

2.40 

2.30 

1.90 

8.80 

2.80 

2.40 

2.40 

2.00 

2.50 

2.70 

2.50 

2.40 

2.00 

2.10 

2.80 

2.30 

1.90 

Aug. 


1.90 
1.70 
1.90 
2.10 
2.00 
1.90 
2.50 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.70 
1.70 
2.00 
2.80 
2.30 
1.90 
1.60 
L80 
2.30 
2.20 
2.10 
2.10 
2.00 
1.90 
2.20 
2.20 
2.10 


Sept. 

Oct. 

_ 

1.30 

Nov. 

Dec 

2.10 

2.10 

2.00 

2.10 

1.40 

2.20 

2.00 

2.00 

1.30 

2.10 

2.10 

1.90 

1.30 

2.30 

2.00 

1.90 

1.20 

2.10 

2.60 

1.80 

1.40 

2.10 

2.80 

1.80 

1.40 

2.10 

2.70 

1.80 

1.40 

2.00 

1.80 

1.60 

1.40 

1.80 

1.90 

1.60 

1.40 

1.80 

1.80 

1.60 

1.40 

1.70 

1.80 

1.50 

2.00 

1.70 

1.80 

1.50 

8.50 

1.70 

1.80 

1.50 

4.10 

1.60 

1.80 

1.40 

2.30 

1.60 

2.20 

1.40 

2.30 

1.60 

2.50 

1.30 

1.90 

1.50 

2.20 

1.30 

1.80 

1.50 

2.10 

1.30 

1.80 

1.50 

1.80 

1.20 

2.10 

1.40 

1.80 

1.30 

4.10 

1.40 

2.00 

1.40 

8.00 

1.20 

2.10 

1.50 

2.10 

1.40 

2.00 

1.80 

1.90 

1.40 

2.00 

1.50 

1.90 

1.40 

2.00 

1.50 

1.90 

1.20 

1.90 

1.50 

1.90 

3.10 

2.00 

1.80 

1.80 

3.20 

2.00 

1.80 

1.80 

8.00 

2.00 

1.30 

1,70 

8.70 

LOO 

1.90 

1.90 

SOUTH   ATLANTIC  WATERSHED. 
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NOBWOOD  STATION  ON  YADKIN  (PEBDEE)  BIYEB. 

This  station,  described  in  the  Eighteenth  Annual  Rei)ort,  Part  lY, 
page  60,  is  near  Blalocks  Ferry,  1  mile  above  Richland  Creek  and  about 
2  miles  from  Norwood,  Korth  Carolina.  The  gage  is  a  vertical  rod 
divided  into  feet  and  tenths,  and  is  securely  spiked  and  braced  to  an 
overhanging  tree  near  the  ferry.  The  rod  is  referred  to  a  bench  mark 
consisting  of  a  large  nail  driven  into  a  notch  cut  in  the  root  of  a  birch 
tree  about  50  feet  northwest  of  the  rod,  and  the  tree  is  immediately  in 
front  of  the  turn  of  the  road  that  leads  to  the  ferry.  The  zero  of  the 
gage  rod  is  5.93  feet  below  the  elevation  of  the  bench  mark.  The  river 
here  is  broad  and  shallow,  with  smooth  bottom  of  sand  and  small  rocks, 
giving  a  good  section  for  discharge  measurements,  which  are  taken  from 
the  ferryboat.  The  observer  is  W.  B.  Nichols,  Norwood,  North  Caro- 
lina. The  banks  and  bed  are,  for  the  most  part,  hard  and  permanent 
and  the  depth  and  current  of  the  water  very  uniform.  The  chief  vari- 
ation is  at  a  x)oint  about  100  feet  from  the  right  bank,  where  the  water 
is  deep  and  very  sluggish.  The  following  discharge  measurements  were 
made  by  E.  W.  Myers  and  others  during  1897 : 

Febraary  10,  gage  height,  3.32  feet;  discharge,  9|607  second-feet. 
March  21,  gage  height,  3.80  feet;  discharge,  11,710  second-feet. 
Angnst  4,  gage  height,  1.65  feet ;  discharge,  3,392  second-feet. 
October  6,  gage  height,  1.00  feet ;  discharge,  1,508  second-feet. 
October  25,  gage  height,  1.48  feet;  discharge,  2,715  second-feet. 

Daily  gage  height,  in  feet,  of  Yadkin  liiver  at  Norwood,  North  Carolina,  for  1897. 


Bay. 

Jan. 

Feb. 

Mar. 

2.50 
2.30 
2.30 
2.20 
2.20 
2.60 
6.90 
6.80 
4.80 
4.30 
5.20 
6.40 
4.90 
5.40 
6.50 
6.00 
4.90 
3.90 
3.50 
3.60 
3.80 
3.30 
3.00 
2.80 
2.60 
2.60 
2.50 
2.50 
2.30 
2.80 
2.40 

1 

Apr. 

May. 

2.40 
3.80 
4.30 
2.90 
2.60 
2.30 
2.20 
2.10 
2.10 
2.10 
2.30 
2.60 
2.90 
3.60 
3.60 
2.80 
2.40 
2.30 
2.10 
2.10 
2.00 
2.00 
2.10 
2.00 
2.20 
3.10 
2.20 
2.00 
1.90 
2.00 
2.00 

Jane. 

2.10 
2.10 
1.90 
1.80 
1.90 
2.40 
2.30 
2.40 
4.30 
3.40 
8.40 
2.50 
2.30 
2.20 
2.10 
2.10 
2.10 
1.80 
1.00 
1.00 
1.80 
2.10 
2.10 
2.00 
1.90 
1.80 
1.60 
1.60 
1.90 
1.70 

July. 

1.70 
1.60 
1.60 
1.90 
1.70 
1.40 
1.90 
2.10 
1.80 
1.70 
1.90 
1.80 
8.10 
2.80 
2.60 
1.70 
1.60 
2.10 
1.80 
2.50 
4.60 
3.50 
2.70 
2.40 
2.00 
2.10 
2.40 
3.60 
2.30 
1.90 
1.70 

Aug. 

1.70 
1.50 
1.60 
1.60 
1.70 
1.50 
2.10 
2.50 
2.30 
2.00 
1.70 
1.60 
1.50 
1.60 
1.40 
1.40 
1.50 
2.30 
2.00 
1.70 
1.50 
2.40 
1.50 
2.00 
1.90 
1.80 
1.90 
1.70 
1.60 
1.40 
1.40 

Sept. 

1.30 
1.50 
1.30 
1.30 
1.20 
1.20 
1.20 
1.10 
1.20 
1.20 
1.20 
1.10 
1.10 
1.00 
1.00 
.90 
.80 
.90 
1.00 
1.10 
1.20 
1.10 
1.10 
1.00 
1.20 
1.50 
1.30 
1.20 
1.10 
1.10 

(  ct. 

1.00 
1.00 
1.10 
1.10 
1.00 
1.00 
1.00 
1.00 
1.10 
1.00 
1.00 
1.10 

Nov. 

D«o. 

1 

2 

1.70 
1.70 
1.60 
1.60 
1.50 
1.50 
1.70 
1.70 
1.60 
1.50 
1.50 
1.60 
1.50 
1.60 
1.60 
1.70 
1.70 
2.00 
2.30 
2.50 
4.50 
4.40 
3.50 
2.50 
2.80 
2.10 
2.00 
1.90 
1.80 
1.(10 

1.90 
2.70 
8.30 
3.50 
2.60 
5.50 
8.20 
9.20 
4.80 
8.40 
2.80 
3.10 
3.90 
3.40 
2.80 
2.60 
2.70 
2.40 
2.30 
2.10 
8.70 
8.40 
4.30 
7.70 
6.20 
8.50 
2.90 
2.60 

2.40 
2.30 
2.40 
2.60 
6.70 
8.60 
6.00 
3.80 
4.20 
4.20 
3.50 
2.90 
2.70 
2.50 
2.50 
2.40 
2.70 
2.50 
2.30 
2.20 
2.30 
2.20 
2.10 
2.20 
2.10 
2.10 
2.30 
2.20 
2.10 
2.80 

1.60 
1.70 
1.80 
1.80 
1.70 
1.50 
1.60 
1.40 
1.40 
1.80 
1.30 

l.iO 

2.20 
2.00 
1.80 
1.70 
2.00 
2.00 
2.00 
1.80 
1.80 
1.70 
1.70 
1.40 
1.40 
1.30 
1.80 
1.90 
2.00 
1.80 
1.70 
1.70 
1.60 
1.80 
1.40 
1.70 
1.70 
2.00 
2.40 
2.70 
2.40 
2.00 
1.00 

8 

4 

6 

6 

7 

8 

0 

10 

11 

12 

18 

3.  70  1  1.  30 
3.  80  '  1. 30 
2.  20  .  1. 30 
1.90  :  1.30 

14 

15 

16 

17 

1.60 
1.30 
1.20 
1.20 
1.40 
2.30 
1.90 
1.60 
1.60 
1.60 
1.40 
1.40 
1.40 
1.30 
1.40 

1.20 
1.40 
1.30 
1.30 
1.30 
1.20 
1.30 
1.20 
1.20 
1.20 
1.60 
3.00 
2.60 
2.40 



18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

80 

81 

TTtTt    If 

r 

Jl 
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OPERATIONS  AT   RIVER   STATIONS,  1897. 


CATAWBA  STATION  ON  CATAWBA  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  64,  is  located  at  the  Southern  Eailway  bridge  about  one-half  a 
mile  from  Catawba,  North  Carolina.  The  zero  of  the  gage  rod  is  23 
feet  east  of  the  west  end  of  the  second  span  of  the  bridge,  and  the  dis- 
tance from  the  zero  of  the  gage  rod  to  the  outer  rim  of  the  pulley  is  3 
feet.  The  distance  from  the  end  of  the  weight  to  the  marker  on  the 
wire  is  35.58  feet,  the  reading  being  zero  when  the  weight  touches  bot- 
tom. The  river  is  straight  for  several  hundred  yards  above  and  below 
the  bridge,  and  the  current  velocity  is  evenly  distributed  across  the 
stream.  The  observer  is  E.  M.  Brawley,  Catawba,  North  Carolina. 
Discharge  measurements  are  made  from  a  plank  walk  underneath  the 
bridge.  The  channel  is  obstructed  by  three  piers  and  riprap  and  by 
two  trestles  of  false  work.  The  section  is  otherwise  good.  The  follow- 
ing discharge  measurements  were  made  by  E.  W.  Myers  and  others 
during  1897 : 

February  8,  gage  height,  5.51  feet;  discharge, 9,711  second-feet. 
AaguBt  3,  gage  height,  1.90  feet;  discharge,  1,358  second-feet. 
October  5,  gage  height,  1.60  feet;  discharge,  775  second-feet. 
October  26,  gage  height,  1.82  feet;  discharge,  1,279  second-feet. 

Daily  gage  height,  infect,  of  Catawba  Biver  at  Catawha,  North  Carolina,  for  1897. 


Day. 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

U 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 

Feb. 

Mar. 

1.82 

2.25 

2.75 

1.85 

4.00 

2.45 

1.88 

8.65 

2.^5 

1.82 

8.10 

2.30 

2.22 

2.60 

2.25 

2.00 

15.90 

8.27 

1.95 

9.62 

4.50 

1.90 

5.82 

2.90 

1.90 

3.90 

5.50 

1.95 

3.60 

6.00 

1.95 

3.40 

5.50 

1.95 

4.65 

5.00 

1.95 

4.10 

6.20 

1.95 

3.50 

6.00 

1.95 

8.40 

5.00 

2.00 

4.20 

5.80 

2.00 

8.80 

.'>.50 

2.20 

7.80 

4.40 

2.00 

2.75 

4.00 

2.20 

2.85 

4.75 

4.45 

3.20 

4.30 

8.80 

8.10 

3.70 

8.25 

10.10 

3.40 

2.45 

7.60 

3.20 

2.30 

4.25 

3.00 

2.20 

3.60 

2.95 

2.15 

8.05 

2.85 

2.00 

2.90 

2.80 

1.85 

2.82 

2.50 

....... 

2.85 

2.35 

2.85 

Apr. 


2.85 
2.90 
4.00 
4.25 
16.00 
8.20 
5.75 
3.90 
4.00 
3.80 
8.60 
8.25 
8.02 
8.00 
8.05 
8.02 
8.00 
2.95 
2.85 
2.85 
2.80 
2.82 
2.80 
2.78 
2.75 
2.75 
2.75 
2.75 
2.80 
3.90 


May. 

Jane. 

July. 
2.00 

Aug. 
1.95 

6.00 

2.15 

4.0O 

2.10 

2.00 

1.85 

3.90 

2.05 

2.00 

1.80 

3.45 

2.00 

2.00 

2.30 

3.20 

2.75 

2.05 

2.00 

2.00 

2.50 

2.30 

3.00 

2.80 

2.90 

2.20 

2.60 

2.70 

3.40 

3.30 

2.50 

2.70 

3.40 

2.80 

2.60 

2.76 

2.90 

2.50 

2.50 

2.80 

2.65 

2.30 

2.40 

2.80 

2.40 

2.25 

2.25 

4.20 

2.35 

2.40 

2.10 

3.30 

2.30 

2.30 

2.00 

2.90 

2.25 

2.25 

2.00 

2.50 

2.20 

2.25 

1.90 

2.45 

2.35 

2.30 

1.85 

2.45 

2.40 

2.30 

1.80 

2.40 

2.50 

2.25 

1.80 

2.40 

2.30 

2.30 

1.80 

2.40 

2.20 

2.00 

1.80 

2.30 

2.15 

2.75 

1.75 

2.25 

2.10 

2.76 

1.75 

2.20 

2.10 

2.80 

1.75 

2.20 

2.10 

2  75 

1.75 

2.50 

2.05 

2.60 

1.70 

2.30 

2.05 

2.70 

1.70 

2.25 

2.00 

2.60 

1.70 

2.20 

2.00 

2.50 

1.70 

2.20 

2.00 

2.35 

1.70 

2.15 

2.15 

1.70 

Sept 


Oct. 


Nov. 


1.70 

1.70 

1.65 

1.65 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70  I 

1.70  I 

1.70  I 

1.70 

1.70 

1.70 

1.70 

1.70 

1.80 

2.10 

2.05 

2.00 

2.00 

1.05 

1.90 

1.80 

1.70 


L60 

1.60 

1.60 

1.60 

1.60 

1.60  i 

1.60 

1.60  I 

1.60 

1.70  I 

3.00  I 

8.00  I 

4.00  I 

2.50  , 

2.00  I 

1.90  , 

1.00 

2.50  I 

2.40  < 

2.25 

2.00 

1.90 

1.80 

1.75 

1.75 

1.80 

1.80 

1.80 

1.80 

1.75 

1.70 


2.00 
3.00 
2.50 
2.00 
1.90 
1.85 
1.85 
1.85 
1.75 
1.75 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
2.60 
3.00 
2.50 
2.25 
2.20 


Dec. 


2.15 
2.10 
2.06 
2.05 
2.00 
2.00 
1.95 
1.90 
1.90 
1.90 
1.00 
1.90 
1.85 
1.85 
1.85 
1.85 
1.83 
1.85 
1.85 
1.90 
2.50 
2.50 
2.4(1 
2.30 
2.25 
2.25 
2.20 
2.20 
2.15 
2.15 
2.00 


?    I 


SOUTH   ATLANTIC    WATKRSHED. 


BOGKHILL  STATION  ON   CATAWBA  BIYEB. 
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This  station,  described  in  the  Eighteen  Annual  lieport.  Part  lY, 
page  61,  is  located  at  the  bridge  of  the  Soathern  Railway  3  miles  soath 
of  Fort  Mill,  South  Carolina.  The  gage  is  fastened  to  the  upper  side 
of  the  guard  rail,  the  2-foot  mark  of  the  rod  being  about  the  center  of 
the  second  vertical  of  the  second  truss  from  the  south  end  of  the 
bridge.  The  distance  from  the  zero  of  the  rod  to  the  outside  edge  of 
the  pulley  wheel  is  1.30  feet,  and  the  length  of  wire  rope  to  the  end  of 
the  weight  is  52.90  feet.  The  observer  is  W.  A.  Morris,  liockhill,  South 
Carolina.  This  station  is  reached  from  Bockhill  by  team.  The  bridge 
is  high  and  long 3  the  bed  of  the  stream  is  on  solid  rock  and  is  very 
rough.  The  current  is  at  an  angle  with  the  bridge,  and  is  swift,  so  that 
altogether  the  section  is  very  poor.  The  following  discharge  measure- 
ments were  made  by  E.  W.  Myers  and  others  during  1897 : 

February  9,  gage  height,  5.00  feet;  disohargei  9,711  second-feet. 
April  6,  gage  height,  12.10  feet;  discharge,  46,040  second- feet. 
August  15,  gage  height,  1.55  feet ;  discharge,  2,006  second-feet. 
October  8,  gage  height,  1.21  feet;  discharge,  1,532  second- feet. 
November  1,  gage  height,  1.45  feet;  discharge,  2,619  second-feet. 


Daily  gage  height,  in  feet,  of  Catawba  River  at  Rookhill,  South  Carolina,  for  1897, 


Dsy. 
1 

Jan. 

1.80 

1.75 

1.70 

1.70. 

1.70 

1.70 

L90 

1.80 

1.8C 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

Peb. 

1.85 
2.70 
3.30 
3.30 
2.70 
8.50 
14.75 
10.20 
5.00 
3.60 
3.20 
3.60 
3.70 
3.50 

Mar. 

2.60 
2.50 
2.40 
2.30 
2.30 
2.30 
7.70 
7.60 
4.50 
4.80 
5.70 
5.30 
5.60 
fi.40 

Apr. 

May. 

June. 

Julj'. 

1.70 
1.60 
1.50 
1.50 
1.60 
1.80 
1.60 
2.30 
2.30 
2.20 
2.00 
1.80 
2.40 
2.30 
2.10 
1.70 
1.55 
1.70 
1.60 
2.00 
2.35 
5.25 
2.60 
2.00 
1.70 
1.60 
2.30 
2.00 
1.80 
1.60 
1.60 

Aug. 

Sept. 

1.40 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.25 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.50 
1.30 
1.25 
1.25 
1.50 
1.60 
1.40 
1.35 
1.30 
1.30 

Oct. 

1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.30 
1.65 
4.80 
2.90 
2.00 

Nov. 

Deo. 

2.50 
2.40 
2.40 
2.60 
10.80 
13.30 
7.00 
4.00 
3.50 
3.30 
3.50 
8.00 
2.90 
2.80 
2.70 
2.80 
2.80 
2.60 
2.50 
2.45 
2.40 
2.35 
2.30 
2.30 
2.30 
2.20 
2.30 
2.4U 
2.20 
2.20 

2.70 
2.90 
4.40 
3.20 
2.70 
2.50 
2.40 
2.30 
2.30 
2.20 
2.20 
2.20 
2.40 
4.20 
2.00 
2.45 
2.25 
2.20 
2.20 
2.10 
2.20 
2.00 
2.00 
2.00 
2.10 
2.10 
2.00 
1.90 
1.90 
2.00 
1.90 

2.00 
1.90 
1.90 
1.80 
2.60 
2.40 
2.20 
4.30 
3.60 
3.00 
2.70 
2.30 
2.30 
2.00 
2.00 
2.00 
1.90 
2.00 
2.00 
1.90 
2.20 
1.90 
1.70 
1.65 
1.60 
1.90 
1.70 
1.70 
1.70 
1.70 

1.45 
1.45 
1.50 
1.60 
1.60 
1.90 
2.20 
2.45 
2.10 
1.90 
4.70 
2.50 
1.80 
1.65 
1.00 
1.90 
1.70 
1.60 
1.70 
1.60 
1.60 
1.60 
1.60 
1.80 
2.00 
1.70 
1.60 
1.50 
1.50 
1.45 
1.45 

1.40 
1.50 
1.55 
1.05 
1.70 
1.00 
1.50 
1.50 
1.50 
1.50 
1.50 
1.45 
1.40 
1.40 
1.40 

1.85 
1.60 
1.70 

2 

3 

4 

5 

1.80 
1.85    ' 

6 

1.00 

7 

1.80 
1.70 
1.70 

i.eo 

1.60 
1.60 
1.60 
1.55 
1.60 
1.70 
1.90 
1.75 
1.70 
1.65 
1.70 
1.00 
2.00 
2.00 
1.00 
1.85 
2.10 
2.20 
2.10 
1.90 
1.8U 

8 

9 

10 

11 

12 

13 

14 

15 

3. 20     7. 10 

16 

1.80 
1.80 
1.00 
1.00 
2.00 
3.60 
3.70 
3.10 
2.50 
2.30 
2.10 
2.00 
2.00 
1.00 
1.70 
1.70 

8.00 
2.00 
2.70 
2.50 
2.50 
3.80 
3.00 
3.0U 
7.80 
4.80 
3.50 
3.10 
2.70 

5.10 
5.00 
4.50 

:i.70 

4.20 
4.10 
3.60 
3.20 
3.00 
2.90 
2.70 
2.60 
2.50 
2.50 
2.40 
2.55 

1.65  I  1.40 

17 

1.50 
1.45 
1.40 
1.45 
1.50 
2.30 
1.80 
1.60 
1.50 

1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 

18 

19 

20 

21 

22 

23 

24 

%s 

26 

1.50     1.40 
1. 50     2.  40 

27 

28 

1.45 
1.45 
1.45 
1.40 

2.70 
2.15 
2.10 

29 

30 

31 

36 


OPERATIONS   AT   RIVER   STATIONS,  1897. 


GAFFNEY  STATION  ON  BROAD  RITBR. 

This  station,  described  in  the  Eighteenth  Annual  Keport,  Part  IV,  page 
65,  is  at  the  Southern  Railway  bridge  about  3  miles  from  Gaffney,  South 
Carolina.  The  zero  of  the  gage  is  18  feet  east  of  the  west  end  of  the 
third  span  of  the  bridge  from  the  east.  The  distance  from  the  zero 
of  the  gage  to  the  rim  of  the  pulley  is  2.5  feet,  and  that  from  the  end 
of  the  weight  to  the  pointer  on  the  wire  is  50.71  feet.  The  river  here 
is  straight  for  several  hundred  yards  above  and  below  the  bridge,  but 
the  section  is  not  a  good  one,  as  the  right  bank  is  subject  to  overflow 
in  very  high  water.  This  station  is  reached  from  Blacksburg,  South 
Carolina.  The  readings  of  river  heights  are  made  at  the  railroad  bridge, 
where  the  section  is  poor.  Measurements  of  discharge  are  made  from 
the  ferryboat  located  one-fourth  mile  above.  There  the  section  is  very 
good.  The  bottom  is  sandy,  but  the  current  is  slng;>i8h  at  the  left  bank. 
The  observer  is  J.  M.  Gaffney.  The  following  discharge  measurements 
were  made  by  E.  W.  Myers  and  others  during  1897 : 

March  9,  gage  height,  2.85;  discharge;  4,364  second-feet. 
April  7,  gage  height,  3.49  feet;  discharge,  5,324  secoud-feet. 
August  6,  gage  height,  1.65  feet;  discharge,  1,297  second- feet. 
October  9,  gage  height,  0.92  foot;  discharge,  829  second-feet. 
October  31,  gage  height,  1.38  feet;  discharge,  861  second-feet. 

Daily  gage  height,  in  feet,  of  Broad  Biver  at  Gaffney,  South  Carolina,  for  1897. 


Day. 

Jftn. 

Feb. 

Mar. 

1 

2 

0.84 

.89 

.87 

.88 

.87 

.03 

.04 

.91 

.87 

.01 

.87 

.06 

.02 

.87 

.80 

.85 

.86 

.02 

1.15 

1.09 

2.05 

2.32 

1.70 

1.58 

1.62 

1.47 

1.80 

1.85 

1.25 

1.86 

1.52 

1.25 
2.12 
2.50 
2.12 
1.82 
8.60 
7.48 
4.05 
3.10 
2.82 
2.55 
2.75 
2.07 
2.60 
2.45 
2.28 
2.24 
2.11 
1. 00 
1.02 
2.27 
2.11 
2.24 
3.73 
2.67 
2.38 
2.16 
2.08 

1.10 
1.87 
1.88 
1.04 
1.05 
3.87 
6.00 
3.32 
2.87 
3.30 
3.60 
8.04 
4.65 
4.52 
4.81 
3.64 
3.77 
3.11 
2.81 
3.81 
3.22 
2.85 
2.62 
2.52 
2.30 
2.20 
2.21 
2.16 
2.00 
1.80 
2.13 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1« 

17 

18 

19 

20 

21 

22 

28 

24 

25 

28 

27 

28 

29 

80 

81 

Apr. 


2,25. 

2.00 

2.07 

2.11 

8.07 

5.06 

3.85 

3.20 

3.00 

3.25 

2.81 

2.54 

2.40 

2.81 

2.80 

2.54 

2.31 

2.28 

2.05 

2.07 

2.02 

1.08 

1.07 

2.14 

2.08 

2.02 

8.02 

2.07 

2.01 

3.17 


May. 

June. 

8.24 

3.00 

4.32 

3.05 

4.01 

3.31 

8.60 

3.33 

3.55 

3.26 

3.27 

3.45 

3.20 

3.51 

3.28 

5.45 

3.64 

3.29 

3.61 

3.00 

3.71 

3.03 

3.60 

3.00 

3.60 

3.14 

3.80 

3.20 

3.55 

2.80 

.3.73 

2.81 

3.30 

2.65 

3.00 

3.05 

3.10 

3.41 

8.30 

3.61 

3.24 

8.50 

3.33 

8.42 

3.20 

3.28 

3.00 

3.10 

3.25 

3.11 

3.35 

3.02 

3.11 

8.04 

3.18 

3.42 

S.21 

3.43 

3.13 

8.11 

8.21 

July. 


3.13 
3.11 
3.05 
3.17 
8.46 
8.21 
4.00 
3.68 
4.01 
3.64 
3.37 
3.01 
4.07 
3.28 
8.11 
8.00 
3.02 
3.11 
3.05 
2.08 
2.40 
3.54 
2.20 
2.08 
2.21 
2.04 
2.20 
2.34 
2.05 
2.01 
2.02 


Aug. 


1.80 
1.70 
2.25 
2.32 
2.10 
2.25 
2.32 
2.75 
2.22 
2.00 
2.07 
2.10 
2.08 
1.82 
1.01 
1.00 
2.01 
1.60 
1.55 
1.57 
1.41 
1.51 
1.50 
2.30 
1.61 
1.38 
1.85 
1.81 
1.82 
1.42 
1.81 


Sept. 

Oct. 

1.70 

0.05 

1.74 

.02 

1.33 

1.08 

1.31 

.02 

1.25 

1.03 

1.23 

1.05 

1.21 

.80 

1.03 

1.02 

1.01 

.02 

1.12 

.70 

1.02 

.81 

.05 

4.10 

.80 

2.01  1 

1.00 

1.50  1 

.80 

1.30  ' 

.82 

1.18  1 

.82 

.06 

.05 

.80 

1.10 

.02 

1.30 

1.30 

1.00 

1.02 

.85 

1.25 

1.08 

1.02 


1.20 
1.31 
1.28 
1.25 
1.52 
1.41 
1.15 
1.25 
1.23 
1.22 
1.24 
1.22 
1.21 
1.28 
1.06 


Nov. 


1.03 
1.60 
1.85 
1.25 
1.21 
1.10 
1.25 
1.08 
1.06 
1.04 
1.03 
1.01 
1.02 
1.11 
1.13 
1.25 
1.41 
1.31 
1.28 
1.32 
1.01 
.08 
1.02 
1.20 
1.41 
l.:J5 
2.51 
2.41 
2.30 
2.45 


Dec. 


2.43 

2.44 

2.46 

2.52 

l.9» 

1.92 

1.42 

1.23 

1.46 

1.31 

1.21 

1.35 

1.10 

1.21 

1.59 

1.35 

1.25 

1.38 

1.36 

1.41 

1.38 

1.42 

1.68 

1.79 

1.59 

1.87 

2.01 

2.09 

1.62 

1.58 

1.51 
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ALSTON  STATION  ON  BBOAB  BITEB. 

This  station,  described  iii  the  Eighteenth  Annual  Beport,  Part  lY, 
page  67,  is  located  at  the  Soathern  Railway  bridge,  about  200  yards 
from  Alston,  South  Oarolina.  The  zero  of  the  gage  is  over  the  center 
of  the  fourth  floor  beam  of  the  second  span  from  the  east  end  of  the 
bridge.  The  outer  rim  of  the  pulley  is  4  feet  from  the  zero  of  the  gage, 
and  the  distance  from  the  end  of  the  weight  to  the  pointer  on  the  wire 
is  42.65  feet,  the  ^age  reading  zero  when  the  end  of  the  weight  touches 
bottom.  The  section  here  is  not  a  very  good  one,  being  broken  by  the 
foundations  of  an  old  bridge  crossing  at  the  same  place  as  the  present 
one,  and  the  bottom  is  soft  and  muddy.  The  river  is  straight  for  a 
long  distance  above  and  below  the  station,  and  the  current  velocity  is 
fairly  uniform  all  the  way  across.  The  observer  is  D.  E.  Elkin,  Alston, 
South  Carolina.  The  following  discharge  measurements  were  made  by 
E.  W.  Myers  and  A.  P.  Davis  during  1897 : 

Angnst  17,  gage  height,  2.76  feet ;  discharge,  2,515  second-feet. 
November  2,  gage  height,  2.90  feet;  discharge,  2,729  necond-feet. 

Daily  gage  heiglUf  in  feet,  of  Broad  River  at  Alston,  South  Carolina,  for  1897, 


Day. 

Jaa. 

3.01 
3.06 
3.04 
3.01 
2.93 
3.00 
3.11 
3.00 
3.00 
2.80 
2.75 
2.80 
2.97 
3.10 
3.14 
3.00 
3.01 
3.05 
3.76 
3.55 
8.06 
9.52 
6.65 
5.63 
5.03 
4.00 
3.75 
8.55 
3.31 
3.02 
3.20 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

3.71 
3.33 
3.10 
3.05 
4.75 
4.15 
3.92 
3.75 
3.59 
3.96 
3.64 
3.70 
3.70 
3.45 
3.31 
3.30 
3.08 
8.76 
3.15 
5.10 

Aug.   Sept. 

1 

Oct. 

Nov. 

Dec. 

1 

'3.10 
6.60 
7.12 
8.01 
10.00 
17.03 
21.97 
19.03 
12.00 
7.00 
5.50 
9.75 
9.10 
8.50 
5.60 
7.25 
6.23 
5.02 
4.03 
4.50 
5.75 
9.50 
6.70 
6.23 
7.10 
5.70 
5.30 
4.55 

4.62 
4.18 
4.20 
4.10 
8.96 
6.66 
12.10 
8.72 
6.75 
5.80 
7.50 
7.10 
11.04 
13.00 
14.40 
11.40 
9.70 
9.00 
7.02 
7.80 
7.85 
6.81 
6.15 
6.96 
5.32 
6.00 
4.81 
4.52 
4.23 
4.40 
4.90 

7.00 
6.48 
6.90 
7.70 
14.39 
18.82 
14.40 
10.66 
9.50 
6.83 
6.12 
5.63 
5.43 
5.23 
5.10 
5.10 
4.90 
4.65 
4.47 
4.31 
4.85 
4.20 
4.30 
4.00 
4.01 
4.06 
3.92 
4.17 
3.89 
3.85 

4.70 
5.61 
6.27 
5.40 
4.45 
4.32 
4.10 
3.90 
3.95 
3.98 
4.10 
3.85 
3.65 
5.44 
4.68 
4.00 
4.03 
3.63 
3.60 
3.51 
3.50 
3.42 
3.61 
3.98 
3.65 
3.41 
3.40 
3.30 
3.21 
8.28 
3.30 

3.45 
3.40 
3.50 
3.40 
8.42 
6.70 
7.27 
14.20 
13.64 
9  71 
9.03 
4.50 
4.00 
4.15 
3,90 
3.74 
3.45 
3.42 
3.31 
8.00 
3.21 
3.30 
3.51 
3.73 
4.40 
3.60 
3.65 
5.81 
3.70 
3.91 

2.84 

9  R1 

3.55 
2.43 
2.42 
2.23 
2.13 
2.40 
2.53 
2.34 
2.50 
2.43 
2.65 
5.72 
8.93 
7.14 
4.78 
3.50 
3.34 
2.70 
2.60 
3.10 
3.70 
3.47 
3.31 
3.30 
3.00 
2.77 
3.03 
2.90 
2.77 
2.91 
2.50 

2.47 
2.97 
3.88 
4.10 
3.35 
2.91 
3.15 
3.00 
2.80 
3.11 
3.00 
2.90 
2.01 
2.90 
2.86 
2.70 
2.7li 
2.70 
2.71 
2.86 
2.83 
2.82 
2.79 
2.75 
3.00 
3.21 
3.05 
4.20 
6.56 
5.12 

3.86 
3.57 
3.56 
3.55 
3.62 
.1.76 
3.68 
3.62 
3.80 
3.45 
3.16 
.3.15 
3.10 
3.00 
3.45 
3.45 
3.50 
3.30 
3.07 
3.07 
3.00 
3.50 
4.08 
3.85 
3.60 
3.30 
4.50 
4.76 
4.12 
3.90 
3.74 

i;:;::;..:.. 

2. 60     5.  76 
2. 54     3.  64 
3.42  '  3  2.'i 

3 

4 

5 

3.03 
3.31 
4.56 
5.20 

2.91 
2.62 
2.35 
2.  M 

6 

7 

8 

0 

3. 20     2.  .*>! 

10 

3.35 
3.11 
3.28 
3.15 
2.98 
4.10 

2.61 
2.60 
2.45 
2.31 
2.10 
2.87 

11 

12 

13 

14 

16 

16 

3.  80  ;  2.  00 
2. 89     2-  21 

17 

18 

2.96 
3.01 
2.86 

2.24 
2.31 
2.21 
2.40 
3.10 
3.41 
3.83 
3.80 
3.16 
2.98 
2.55 
2.58 
2.71 

10 

20 

21 

7. 40     2. 71 
5.71  ;  8-20 

22 

23 

4.82 
8.80 
3.61 
3.06 
3.90 
4.01 
3.65 
3.15 
2.95 

5.04 
3.35 
3.26 
3.11 
3.00 
3.10 
2.85 
2.73 
2.80 

24 

26 

26 

27 

1     28 

29 

.     30 

81 
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WATERLOO   STATION  ON  SALUDA  RITBR. 

This  Station,  described  in  the  Eighteenth  Annual  Beport,  Part  IV, 
page  68,  is  1  mile  below  the  mouth  of  Reedy  Biver,  at  the  Port  Boyal 
and  Western  Carolina  Bailroad  bridge,  about  3  miles  from  Ooronaea 
station,  South  Carolina.  The  zero  of  the  gage  is  over  the  center  of  the 
sixth  floor  beam  of  the  first  span  from  the  east  end  of  the  bridge.  The 
distance  from  the  zero  of  the  gage  to  the  outer  rim  of  the  x)ulley  is 
2.75  feet,  and  that  from  the  end  of  the  weight  to  the  pointer  on  the 
wire  is  47.0  feet.  The  river  here  is  straight  for  several  hundred  yards 
above  and  below  the  bridge.  The  bottom  is  of  sand  and  mud  and 
seemingly  liable  to  change  by  high  water,  and  the  right  bank  is  sub- 
ject to  overflow.  The  observer  is  B.  K.  Cunningham,  Waterloo,  South 
Carolina.  The  locality  is  reached  from  Greenwood,  South  Carolina. 
The  channel  is  broken  by  one  pier  and  the  bottom  is  muddy,  but  with 
these  exceptidns  the  section  is  excellent.  Discharge  measurements  are 
made  from  the  railroad  bridge.  The  following  discharge  measurements 
were  made,  the  first  by  B.  W.  Myers  and  the  next  by  A.  P.  Davis, 
during  1897 : 

Attest  17,  gage  height,  3.35  feet ;  discharge;  665  Bccond-feet. 
November  2,  gage  height,  4.31  feet;  discharge,  1,242  second-feet. 


Daily  gage  heighi,  in  feet,  of  Saluda  Biver  at  Waterloo,  South  CoroUna,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

3.75 
3.75 
a.  50 
4.35 
3.20 
2.50 
.^40 
4.00 
3.55 
3.10 
3.25 
3.18 
2.40 
4.00 
3.90 
3.17 
2.90 
2.72 
3.10 
2.40 
3.45 
3.35 
4.75 
4.90 
4.52 
3.58 
2.75 
3.78 
3.80 
3.55 

Oct. 

Nov. 

Dec. 

1 

4.35 
4.50 
3.70 
4.00 
4.35 
4.40 
4.35 
4.35 
4.40 
3.65 
3.75 
4.30 
4.40 
4.05 
5.85 
4.60 
3  06 

4.75 
7.35 
7.70 
6.20 
5.35 
15.70 
16.58 
14.30 
7.05 
6.40 
8.90 
9.05 
8.25 
7.25 
6.50 
6.35 
6.00 
5.65 
6.60 
6.35 
6.15 
6.80 
7.45 
6.50 
6.55 
6.00 
5.60 
6.70 

4.30 
4.80 
5.25 
5.25 
5.05 
8.30 
10.05 
7.75 
6.20 
5.80 
6.00 
9.30 
10.35 
12.60 
12.40 
9.50 
8.35 
7.55 
6.80 
8.40 
8.10 
7.00 
6.45 
6.15 
6.00 
5.60 
9.55 
6.35 
5.00 
6.10 
5.70 

6.25 
6.00 
6.55 
8.00 
12.10 
13.05 
17.00 
8.70 
8.05 
7.80 
7.15 
6.75 
6.25 
6.20 
5.70 
6.00 
6.80 
6.25 
5.70 
6.4a 
6.15 
5.10 
6.07 
6.40 
6.35 
4.90 
4.80 
4.75 
4.66 
4.85 

8.35 
9.30 
6.05 
5.50 
5.80 
5.20 
5.00 
6.20 
5.65 
5.16 
4.60 
4.50 
5.10 
5.00 
5.35 
5.60 
4.40 
4.25 
4.15 
4.45 
4.90 
4.85 
5.20 
3.55 
4.00 
4.85 
3.95 
4.80 
3.85 
5.10 
3.25 

3.55 
3.70 
5.70 
4.85 
5.25 
6.57 
5.75 
10.35 
12. 25 
6.40 
6.55 
5.25 
5.50 
4.20 
4.00 
7.35 
4.15 
4.00 
4.85 
5.00 
3.50 
3.75 
4.10 
4.10 
4.10 
4.15 
3.20 
3. 30 
4.30 
8.75 

4.76 
4.65 
4.30 
3.70 
6.20 
4.15 
4.20 
4.82 
3.85 
4.85 
4.10 
3.10 
5.70 
3.90 
3.75 
3.75 
5.00 
3.90 
3.70 
4.00 
3.70 
3.90 
4.05 
4.05 
4.15 
3.30 
4.00 
3.65 
3.60 
4.60 
5.00 

2.80 
2.68 
3.50 
3.60 
3.50 
4.05 
3.76 
3.36 
3.05 
3.55 
3.85 
4. 30 
4.20 
4.25 
3.15 
2.55 
4.15 
4.25 
3.76 
4.40 
6.10 
5.35 
3.20 
4.40 
3.35 
4.20 
4.35 
3.50 
3.15 
2.50 
3.50 

3. 30     3. 20 
4. 05  '  4.  SO 
2. 85  1  5. 13 
2.30  ,  4.77 
3.9:>  '  4.60 
3. 80  1  4. 60 
2.64  ,  3.60 
3.58  '  2.85 
3. 00     4.  50 
3. 45     4.  .35 
3.95  •  4.35 

4.85 

2 

4.75 

3 

4.25 
4.80 
4.00 
4.40 
4.10 
3.95 
3.05 
4.58 
4.68 
3.60 
3.80 
4.75 
4.65 
4.50 
4.75 
4.70 
8.66 
3.40 
4.00 
4.20 
4.00 
3.95 
3.45 
3.65 
3.55 
4.85 
4.75 
4.65 
4.77 

4 

6 

8 

7 

8 

9 

10 

11 

12 

4.50 
7.30 
5. 15 
4.85 
4. 55 
3.40 
2.50 
3.75 
4.40 
4.55 
4.50 
4.45 
3.55 
3.40 
4.50 
4.20 
3.80 
3.06 
3.50 
3.25 

4.10 
4.30 
4.00 
2.85 
4.15 
4.35 
4.30 
4.15 
3.95 
3.95 
2.70 
3.85 
4.28 
4.20 
4.12 
5.76 
5.75 
6.05 
6.25 

13 

14 

15 

le 

17 

18 

4.65 
4.95 
6.10 
10.80 
8.55 
5.70 
6.60 
4.80 
4.40 
4.85 
8.95 
4.05 
4.50 
4.20 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 
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OAIiHOUN  FALLS   STATION  ON  SAVANNAH  RIYEB. 

This  station,  described  in  the  Eighteenth  Annual  Eeport,  Part  lY, 
page  73,  is  at  the  Seaboard  Air  Line  bridge  across  the  Savannah  Biver 
above  the  moutb  of  Beaverdam  Greek  and  below  Bocky  Eiver,  and  about 
3  miles  west  of  the  town  of  Calhoun  Falls,  South  Carolina.  The  river 
here  is  divided  into  two  channels  by  a  large  island,  containing  several 
hundred  acres.  The  east  channeH  is  a  good  section  at  ordinary  stages, 
but  at  lowest  water  the  current  is  very  sluggish.  The  west  channel, 
which  is  the  main  river,  is  obstructed  by  some  very  small  islands  and 
old  cofferdams  about  the  two  piers;  otherwise  the  section  is  excellent. 
Peter  Pfeiflfer,  a  farmer,  is  the  observer. 

The  wire  gage  is  on  the  west  channel,  center  span.  The  rod  is  14  feet 
long,  and  is  nailed  to  guard  rail  on  east  side  of  pulley  on  downstream 
side  of  bridge.  The  center  of  the  3-inch  pulley  is  193  feet  from  the 
initial  point,  and  is  55.20  feet  gage  height.  Zero  point  on  the  rod  is  10  feet 
from  the  center  of  the  pulley.  The  wire  cable  from  bottom  of  weight 
to  the  index  is  G5.40  feet.  One  bench  mark  on  the  top  of  the  iron 
stringer  under  the  cross-ties  near  the  gage  is  54.0  feet  above  the  datum 
of  the  gage.  The  other  is  on  the  top  of  the  east  end  of  the  pier,  west 
channel,  and  is  30.85  feet  above  zero  of  gage.  The  following  discharge 
measurements  were  made  by  B.  M.  !^all  and  Max  Hall  during  1897 : 

January  20,  gage. height,  2.90  feet;  discharge,  4,204  second-feet. 
April  28,  gage  height,  3.21  feet;  discharge,  6,446  second-feet. 
June  12,  gage  height,  2.80  feet;  discharge,  4,469  second-feet. 
Septemher  29,  gago  height,  1.90  feet;  discharge,  1,693  second-feet. 
November  3,  gage  height,  2.92  feet ;  discharge,  3,812  second-feet. 

Daily  gage  height^  in  feety  of  Savannah  River  at  Calhoun  FalU,  South  Carolina,  for  1897. 


Day. 

Jan. 

Feb. 

2.80 
5.20 
4.00 
3.60 
3.25 
6.00 
8.55 
7.20 
5.05 
4.10 
8.85 
5.15 
4.40 
4.10 
4.00 
4.05 
3.05 
3.80 
3.65 
3.70 
3.50 
3.85 
4.05 
3.80 
4  00 
3.90 
3.45 
3.20 

Mar. 

3.00 

2.95 

2.80 

2.80 

2.75 

2.65 

6.80 

4.65 

4.20 

4.00 

4.40 

5.50 

7.75 

7.25 

6.00 

5.20 

4.15 

3.85 

8.50 

4.00 

6.35 

4.40 

4.10 

4.00 

3.90 

3.85 

3.05 

3.40 

3.25 

8.25. 

3.30 

1 

2.50 
2.40 
2.40 
2.40 
2.:i6 
2.35 
2.30 
2.25 
2.25 
2.25 
2.20 
2.20 
2.30 
8.05 
2.75 
2.60 
2.55 
3.35 
8.10 
2.90 
5.40 
8.95 
3.80 
3.20 
8.10 
3.00 
2.95 
2.05 
2.90 
2.90 
2.75 

!      2 

s.:::::;::... 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

18 

17 

18 

19 

20 

21 

22 

28 

24 

25 

28 

27 

28 

29 

30 

31 

Apr. 

May. 

Jane. 

July. 
2.80 

Aug. 
2.50 

Sept. 

Oct. 

Nov. 

Deo. 

5.40 

3.80 

2.20 

2.20 

1.80 

2.55 

2.80 

6.90 

5.65 

2.15 

2.65 

2.40 

2.40 

1.80 

3.40 

2.70 

5.20 

4.30 

3.05 

2.55 

2.35 

2.30 

1.85 

3.05 

2.86 

4.75 

3.05 

4.40 

2.40 

2.25 

2.25 

1.85 

2.70 

3.00 

11.65 

3.85 

4.10 

2.30 

2.10 

2.05 

1.80 

2.55 

2.90 

13.35 

3.80 

3.10 

3.05 

2.65 

2.00 

1.75 

2.45 

2.75 

8.15 

3.70 

2.95 

2.50 

2.95 

1.95 

1.75 

2.35 

2.70 

4.05 

3.65 

3.05 

2.40 

2.90 

1.05 

1.70 

2.25 

2.60 

4.05 

3.40 

3.25 

2.65 

2.70 

1.90 

1.65 

2.20 

2.55 

4.00 

3.25 

3.05 

2.45 

2.60 

1.85 

1.75 

2.20 

2.55 

4.15 

3.15 

2.95 

2.50 

2.40 

1.80 

2.25 

2.15 

2.50 

4.10 

3.05 

2.80 

2.55 

2.30 

1.80 

2.6.'i 

2.10 

2.40 

4.00 

3.00 

3.00 

3.25 

2.25 

1.85 

2.40 

2.10 

2.35 

3.95 

3.05 

2.85 

2.65 

2.20 

1.80 

2.25 

2.05 

2.95 

3.95 

3.10 

2.80 

2.55 

2.15 

1.80 

2.20 

2.00 

2.80 

3.85 

3.15 

8.00 

2.45 

2.20 

1.75 

2.15 

2.00 

2.70 

3.80 

3.10 

3.05 

2.50 

2.25 

1.75 

2.10 

2.05 

2.65 

3.75 

8.05 

2.95 

3.90 

2.20 

1.70 

2.15 

2.00 

2.55 

3.65 

3.00 

2.85 

3.30 

2.30 

1.70 

2.40 

2.00 

2.50 

3.50 

2.95 

2.80 

3.10 

2.25 

1.75 

3.05 

1.05 

2.45 

3.40 

2.90 

2.70 

4.05 

2.20 

1.75 

2.60 

1.95 

2.50 

3.35 

2.90 

2.65 

3.45 

2.70 

1.85 

2.40 

1.90 

2.65 

3.30 

2.85 

2.55 

3.00 

2.60 

2.75 

2.35 

1.90 

2.60 

3.25 

2.75 

2.55 

2.75 

2.40 

2.25 

2.30 

1.85 

2.55 

3.25 

2.70 

2.45 

2.65 

2.30 

2.05 

2.25 

1.85 

2.50 

3.30 

2.60 

2.50 

2.95 

2.25 

2.00 

2.30 

2.00 

2.50 

3.25 

2.55 

2.40 

3.60 

2.20 

2.00 

2.25 

3.25 

2.40 

3.20 

2.40 

2.30 

3.00 

2.15 

1.95 

2.20 

3.05 

2.40 

3. 2,5 

2.35 

3.50 

2.90 

2.10 

1.90 

2.20 

2.95 

2.35 

3.40 

2.25 

2.95 

2.70 

2.00 

1.85 

2.15 

2.85 

2.35 

2.20 



2.55 

2.05 

2.10 

2.30 
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OABLTON  STATION  ON  BBOAD  BIYEB. 

This  station  is  located  on  the  railroad  bridge  of  the  Seaboard  Air 
Line,  3  miles  east  of  Oarlton,  Georgia,  and  3  miles  above  the  month  of 
South  Fork.  The  iron  bridge  is  250  feet  long  and  is  approached  on 
each  side  by  wood  trestles.  The  banks  are  both  liable  to  overflow  to 
the  extent  of  the  trestles.  The  initial  point  for  sounding  is  the  end  of 
iron  bridge  at  right  bank,  upstream.  ^The  rod  of  the  wire  gage  is  fas 
teued  to  outside  of  guard  rail  on  the  upstream  side  of  bridge.  Its 
zero  is  37.0  feet  from  initial  point  and  4.0  feet  ftom  center  of  pulley. 
Bench  mark  is  top  of  upstream  iron  girder  under  cross-ties  at  30  feet 
from  initial  point  and  is  51.0  feet  above  datum.  Center  of  pulley  is 
52.20  feet  above  datum.  Length  of  wire  from  index  to  bottom  of  weight 
is  56.30  feet.    The  observer  is  S.  P.  Power,  jr. 

The  following  discharge  measurements  were  made  during  1897  by 
Max  JIall  and  others: 

May  27,  gage  height,  2.10  feet;  discharge,  596  second-feet. 
Jane  22,  gage  height,  1.92  feet;  discharge,  580  second-feet. 
.July  28,  gage  height,  2.24  feet ;  discharge,  920  second-feet. 
August  17,  gage  height,  2.25  feet;  diHcharge,  865  second-feet. 
September  27,  gage  height,  1.60  feet ;  discharge,  358  second-feet. 
October  29,  gage  height,  1.67  feet ;  discharge,  407  second-feet. 
November  10,  gage  height,  1.70  feet;  discharge,  395  second-feet. 
December  10,  gage  height,  2.00  feet;  discharge,  615  second-feet. 

September  28,  a  measurement  of  Broad  River,  below  mouth  of  South 
Fork,  from  a  boat,  gave  a  discharge  of  472  second-feet.  On  same  date 
a  measurement  of  South  Fork,  just  above  mouth,  gave  a  discharge  of 
150  second-feet. 

Daily  gage  hisight,  infect,  of  Broad  River  at  Carlton,  Georgia,  for  1897. 


l>ay. 

July. 

Aug.   Sept. 

1.... 

1.85 

1.85 

1.70 

2.... 

1.85 

1.85 

2.00 

3.... 

1.80 

1.80 

2.30 

4.... 

1.80 

1.80 

1.85 

6.... 

2.00 

1.80     1.80 

6.... 

2.00 

1.75     1.70 

7.... 

1.90 

2.00 

1.60 

8.... 

2.10 

2. 20  ^  1.  55 

«.... 

2.35 

2.00 

1.55 

10.-.. 

2.05 

2.00 

1.55 

11.... 

2.55 

l.»5  ,  1.55 

12.... 

2.35 

1.90  1  1.55 

13.... 

1.95 

1.85  1  1.50 

14.... 

1.85 

1.80  I  1.50 

16.... 

1.80 

1.80     1.50 

16.... 

1.75 

4.55 

1.50 

Oct. 


1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1 


50 
1.50 
1.60 
45 
50 
05 


2. 
2. 
2. 


Nov. 

Doc. 

1.65 

2.20 

2.40 

2.10 

2.25 

2.20 

1.95 

2.70 

1.80 

2.55 

1.80 

2.50 

1.80 

2.  30 

1.75 

2.10 

1.75 

2.05 

1.70 

2.00 

1.70 

1.95 

1.70 

1.95 

1.70 

1.90 

1.70 

2.10 

1.70 

2.30 

1.70 

2.10 

1.K5 
1.70 


October  18-25, no  readings  taken;  gage  broken ;  gaj^e  heighta  estimated. 
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OABEY   STATION  ON  OCONEE  BITBB. 

This  station^  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  78,  is  located  at  an  iron  girder  deck  bridge  on  the  Georgia  Eail- 
way  at  the  station  of  Carey,  6  miles  west  of  Greensboro,  Georgia.  It 
is  just  below  the  junction  of  the  Appalachee  and  Oconee  rivers.  The 
observer  is  J.  L.  Oarey,  a  farmer.  The  length  of  the  wire  of  the  gage 
from  index  to  end  of  weight  is  46.95  feet.  The  rod,  14  feet  in  length 
is  nailed  to  the  guard  rail  of  the  bridge  on  the  downstream  side. 
Its  zero  point  is  24.8  feet  from  the  initial  point,  which  is  the  down- 
stream end  of  the  pier  near  the  left  bank  at  the  end  of  the  big  iron 
girder.  The  top  of  the  cord  or  iron  girder  20  fe^  from  the  initial  point 
on  downstream  side  of  bridge  is  41.13  feet  above  datum  of  gage  heiglits. 
Both  banks  are  low  and  liable  to  overflow  under  the  trestles  to  the  end 
of  embankments.  The  bed  of  the  stream  is  rocky  and  not  easily 
changed.  The  current  is  good.  The  following  measurements  were 
made  by  B.  M.  Hall  and  Max  Hall  during  1897 : 

Jannaiy  18,  gage  height,  4.95  feet ;  discharge,  3,818  second-feet. 
March  18,  gage  height,  5.15  feet;  discharge,  4,257  seoond-feet. 
April  29,  gage  height,  2.40 feet;  discharge,  1,992  second-feet. 
May  28,  gage  height,  2.10  feet;  discharge,  1,047  second-feet. 
June  9,  gage  height^  2.50  feet;  discharge,  1,885  seoond-feet. 
July  30,  gage  height,  1.80  feet;  discharge,  1,103  second-feet. 
October  4,  gage  height,  1.08  feet;  discharge,  381  second-feet. 
NoYember  11,  gage  height,  1.92  feet;  discharge,  678  second-feet. 
December  14,  gage  height,  2.30  feet;  discharge,  1,117  second-feet. 

Daily  gage  height,  in  feet,  of  Oconee  Biver  at  Carey,  Georgia,  for  1897, 


nay. 

Jan. 

Feb. 

Mar. 

Apr. 

8.30 
4.90 
6.10 
5.60 
8.80 
14.40 
12.40 
7.30 
5.40 
5.50 
4.50 
4.00 
3.50 
3.50 
3.30 
3.30 
3.30 
3.00 
2.90 
2.80 
2.70 
2.70 
2.60 
2.60 
2.70 
2.50 
2.50 
2.60 
2.60 
2.90 

May. 

Jnne. 

July. 

1.60 
1.50 
1.10 
1.10 
1.50 
2.70 
2.60 
2.20 
1.60 
1.80 
1.80 
2.20 
1.70 
1.00 
1.10 
.70 
.70 
1.80 
3.70 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

2.10 
1.90 
2.10 
2.00 
2.10 
2.00 
2.10 
2.10 
1.80 
1.90 
3.00 
1.90 
2.00 
2.70 
4.30 
4.20 
3.40 
4.50 
4.80 
4.00 
6.00 
7.80 
6.80 
4.30 
3.80 
3.10 
2.80 
2.80 
2.00 
2.40 
2.50 

2.50 
3.80 
3.70 
3.60 
3.30 
4.60 
5.00 
4.60 
3.80 
3.30 
3.10 
5.90 
6.60 
5.30 
4.40 
4.00 
4.20 
3.60 
3.30 
3.00 
3.80 
4.00 
3.80 
4.70 
6.30 
5.20 
4.20 
8.60 

3.20 
3.20 
3.10 
3.00 
3.00 
2.90 
6.40 
7.80 
6.80 
4.40 
4.00 
4.20 
7.70 
10.40 
12.20 
11.60 
8.60 
5.50 
4.20 
5.80 
5.50 
4.60 
4.60 
4.70 
4.20 
3.70 
3.20 
8.20 
8.00 
8.00 
8.40 

4.00 
3.80 
3.30 
2.80 
2.60 
2.50 
2.30 
2.30 
2.80 
2.30 
2.20 
2.30 
2.  30 
2.40 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.00 
1.90 
2.00 
2.20 
2.10 
2.10 
2.10 
2.00 
2.10 
2.10 
2.20 

2.10 
2.10 
2.10 
2.20 
2.20 
2.30 
2.20 
2.20 
2.50 
2.30 
2.20 
2.00 
1.80 
1.70 
1.70 
1.60 
1.60 
1.60 
1.80 

1.60 
1.50 
1.50 
1.50 
1.40 
1.90 
2.40 
2.40 
2.20 
2.10 
2.00 
1.70 
1.50 
1.40 
1.20 
1.10 
2.90 
3.10 
3.20 
4.10 
3.00 
3.70 
2.80 
2.60 
2.10 
1.80 
1.70 
1.60 
1.40 
1.40 
1.20 

1.50 

1.20 

1.20 

1.40 

1.30 

1.20 

.80 

.50 

.30 

.30 

.20 

.20 

.10 

.30 

.40 

.70 

1.50 

1.40 

1.80 

1.50 

1.40 

1.40 

1.00 

1.80 

1.80 

1.70 

1.70 

1.70 

1.70 

1.70 

i.'so' 

1.40 
1.10 
1.20 
1.40 
1.30 
1.20 
1.30 
2.90 
2.80 
2.70 
2.60 
2.30 
1.90 
1.90 
1.80 
1.60 
1.90 
2.10 
2.10 
2.00 
2.00 
2.10 
2.00 
2.00 
1.80 
1.80 
1.60 
1.60 
1.80 

2.00 
2.20 
2.40 
2.00 
1.90 
1.80 
1.80 
1.80 
1.80 
1.90 
1.70 
1.80 
1.80 
1.70 
1.70 
1.70 
1.80 
1.90 
1.60 
1.80 
1.80 
1.80 
1.90 
1.80 
1.80 
1.70 
2.80 
8.50 
2.70 
2.70 

2.70 
2.40 
2.20 
2.60 
2.80 
2.70 
2.50 
2.50 
2.40 
2.30 
2.30 
2.10 
2.00 
2.30 
2.50 
2.40 
2.30 
2.10 
2.00 
2.00 
2.20 
2.30 
2.40 
2.40 
2.40 
2.40 
2.50 
2.60 
2.80 
2.40 
2.80 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2.40  1  5.60 
2.10  1  5.60 

21 

22 

2.00 
1.70 
1.60 
2.20 
2.00 
1.80 
1.60 
1.60 
1.60 

5.80 
5.10 
3.10 
2.40 
2.40 
2.60 
2.80 
2.80 
1.80 
1.60 

23 

24 

25 

28 

27 

28 

29 

80 

81 
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OPERATIONS  AT   RIVER   STATIONS^  18»7. 


DUBLIN  STATION  ON  OCONEE  RIVER. 

This  station  is  located  one-half  mile  east  of  Dublin,  G^r^^a.  The 
gage  is  vertical  and  is  fastened  to  the  lower  side  of  the  middle  pier  of 
the  railroad  bridge.  Observations  are  taken  under  the  direction  of  the 
Weather  Bureau.  The  section  is  very  good,  although  broken  by  three 
piers  and  some  drift.  The  bed  of  the  river  is  soft.  The  channel  is 
straight  for  some  distance  above  and  below  the  section.  The  initial 
point  for  soundings  is  the  end  of  iron  bridge  on  right  bank  of  river. 
The  following  discharge  measurements  were  made  in  1897  by  B.  M. 
HallandP.  A.  Dallis: 

May  5,  gage  height,  6.10  leet;  discharge,  6,400  Beoond-feet. 
.Jane  7,  gage  height,  1.90  feet;  discharge,  2,861  second- feet. 
Jane  8,  gage  height,  1.77  feet;  discharge,  2,680  second-feet. 
Jane  9,  gage  height,  1.50  feet;  discharge,  2,488  second-feet. 
.Jane  10,  gage  height,  1.43  feet;  discharge,  2,488  second-feet. 
November  7,  gage  height,  0.40  foot;  discharge,  1,644  second-feet. 

Daily  gage  heighiy  in  feet,  of  Oconee  River  at  Dublin,  Georgia,  from  January  to  April,  1897. 


Day. 

Jan. 

Feb. 

2.7 

8.2 

6.4 

6.2 

6.2 

6.0 

8.0 

«.7 

0.2 

9.8 

9.7 

10.8 

11.6 

13.0 

14.3 

16.1 

Mar. 

Apr.  ' 

1 

Day. 

Jan. 

Feb. 

Mar. 

1 

2.1 
2.1 
2.1 
2.0 
2.0 
1.9 
l.ft 
1.8 
1.8 
1.8 
1.8 
1.7 
1.6 
1.5 
1.5 
1.0 

12.8 

13.5 

13.3 

9.6 

7.5 

7.0 

7.2 

8.1 

8.8 

9.6 

10.0 

10.8 

11.0 

13.0 

15.5 

20.5 

8.1 
10.8  1 
12.0  , 
14.0 
15.5  1 
•  15.6 
15.0 
14.8  1 

16.0  , 
16.7  ' 

16.1  , 
14.8 
13.5 
12.1  1 

9.9  , 
8.0 

17 

4.8 
5.0 
4.6 
5.2 
6.0 
6.0 
7.2 
7.8 
8.4 
8.4 
6.4 
5.2 
3.8 
3.0 
2.8 

16.0 

14.0 

13.1 

11.7 

10.2 

9.2 

7.6 

7.5 

7.8 

9.9 

10.5 

12.0 

22.7 

2 

18 

21.4 

3 

19 

20.0 

4 

20 

18.0 

5 

21 

16.0 

6 

22 

U.7 

7 

23 

15.5 

8.'. 

24 

16.2 

0 

25 

17.0 

10 

26 

17.7 

11 

27 

17.0 

12 

28 

15.5 

13 

29 

13.4 

14 

30 

10.8 

16 

31 

8.6 

16 

1 

Apr. 


7.2 
6.8 
6.4 
6.6 
0.4 
5.0 
4.5 
4.4 
4.3 
4.1 
4.0 
4.0 
3.9 
4.2 
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A1.MON  STATION  ON  YELLOW  BIVBB. 

This  station  is  located  one-quarter  mile  east  of  Almon,  Georgia,  and 
3  miles  west  of  Covington,  Georgia.  It  is  at  the  low  wagon  bridge 
crossing  the  stream  600  feet  below  the  Georgia  llailroad  bridge.  The 
observer  is  A.  A.  Almond.  The  following  are  the  discharge  measure- 
men  ts,  made  by  B.  M.  Hall  and  Max  Hall  in  1897: 

September  19, 1896,  gage  height,  0.75  foot;  discharge,  62  Beoond-feet. 
March  27,  1897,  gage  height,  3.90  feet;  discharge,  876  second-feet. 
June  21,  gage  height,  2.50  feet;  diHcharge^  287  second-feet. 
September  7,  gage  height,  1.53  foct;  discharge,  123  second- feet. 
December  8,  gage  height,  2.10  feet;  discharge,  227  second-feet. 

Dotty  gage  height,  in  feet,  of  Yellow  River  at  Almon,  Georgia,  from  September  to  Decern- 

her,  1897. 


D»y. 

Sept. 

Oct 

Nov. 

Deo. 

Day. 

Sept 

Oct 

Nov. 

Deo. 

1 

2 

.1.20 
1.10 
1.15 
1.20 
1.10 
L15 
1.10 
1.10 
1.15 
1.20 
1.35 
1.90 
1.98 
1.90 
1.8U 
1.52 

1.80 
1.66 
1.98 
1.90 
1.88 
1.70 
1.60 
].60 
1.75 
L-70 
1.68 
1.66 
1.64 
1.64 
1.64 
1.64 

2.20 
2.80 
2.70 
2.20 
2.80 
2.90 
2.10 
2.08 
2.06 
2.00 

*'"i.'98" 
1.96 
1.89 
1.86 
1.90 

17 

1.25 
1.30 
1.30 
1.22 
1.20 
1.20 
1.28 
1.35 
1.25 
1.30 
1.35 
1.30 
1.28 
1.24 

1.50 
1.60 
1.70 
1.80 
1.70 
1.68 
1.66 
1.60 
1.68 
1.60 
1.40 
l.iO 
1.45 
1.60 
1.50 

1.68 
1.69 
1.65 
1.64 
1.68 
1.67 
1.66 
1.70 
1.68 
1.70 
1.70 
1.76 
1.80 
2.00 

2.00 
2.08 
1.98 
2.00 
2.08 
2.09 
2.20 
2.18 
2.10 
2.18 
2.10 
2.00 
1.08 
2.00 
2.04 

18 

8 

19 

4 

20 

6 

21 

6 

22 

7 

23 

8 

24 

9 

25 

10 

26 

11 

27 

12 

1.40 
1.30 
1.42 
1.40 

i.ao 

28 

13 

20 

14 

30 

15 

31 

16 
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MAOON  STATION  ON  OCMULGBB  BIVBB. 


This  station,  described  in  the  Eighteenth  Annual  Rejwrt,  Part  IV, 
page  79,  is  at  Macon,  Georgia.  The  wire  gage  on  the  Macon,  Dublin 
and  Savannah  Eailroad  bridge  having  been  twice  stolen  in  the  spring 
of  1897,  observations  were  taken  on  the  Weather  Bureau  gage  referred 
to  the  same  datum,  which  is  a  vertical  rod  bolted  to  stone  pier  of  the 
Georgia  Eailroad  bridge.  The  observer  is  W.  T.  Bass.  A  bench  mark 
on  the  top  and  upper  end  of  the  triangular  casting  at  the  foot  of  the 
seventh  tie  rod  of  the  first  span  from  the  south  of  the  former  bridge  is 
28.84  feet  above  datum  of  gage.  Measurements  of  discharge  are  made 
from  the  wagon  bridge  a  short  distance  above.  The  velocity  of  the 
water  is  gentle,  but  not  too  slow  for  accurate  measurements.  The 
section  is  brokeii  by  one  pier.  The  following  measurements  were  made 
by  B.  M.  Hall  and  Max  Hall  during  1897: 

March  15,  gage  height,  16.75  feet ;  discharge,  25,535  second-feet. 
May  if  gage  height,  4.30  feet;  discharge,  2,750  socond-feet. 
May  5,  gage  height,  3.50  feet;  discharge,  2,275  second-feet. 
May  18,  gage  height,  2.10  feet;  discharge,  1,592  second-feet. 
June  11,  gage  height,  2.85  feet;  discharge,  2,111  second-feet. 
June  12,  gage  height,  1.85  feet;  discharge,  1,479  second-feet. 
June  29,  gage  height,  0.90  foot;  discharge,  1,005  second-feet. 
Septemher  23,  gage  height,  -^.35  foot;  discharge,  504  second-feet. 
Septemher  23,  gage  height,  — 0.35  foot ;  discharge,  497  second-feet. 
November  7,  gage  height,  0.06  foot;  discharge,  735  second-feet. 
December  6,  gage  height,  1.20  feet;  discharge,  1,356  second-feet. 

Daily  gage  height,  in  feetj  of  Ocmulgee  Hiver  at  MacoUf  Georgia,  for  1897. 


Day. 


1 

2 

:< 

4 

5 

G 

7 

8 

0 

10 

U 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 


Jan. 
0.68 

Feb. 

Mar. 

2.00 

4.00 

.63 

5.00 

3.70 

.60 

8.00 

3.20 

.58 

6.00 

2.00 

.56 

6.00 

4.00 

.54 

8.00 

3.00 

.52 

6.50 

11.60 

.50 

5.0O 

12.70 

.49 

4.75 

7.50 

.49 

4.  55 

5.00 

.51 

5.00 

4.80 

.49 

1.3.50 

6.00 

.48 

12.75 

17.30 

.53 

7.00 

18.00 

.46 

5.00 

17.70 

.44 

5.00 

13.00 

.44 

6.13 

0.45 

1.15 

3.00 

8.25 

1.50 

2.75 

8.20 

2.10 

2.62 

9.57 

1.25 

2.65 

10.00 

7.00 

2.71 

9.00 

5.50 

2.00 

15.50 

3.00 

1.90 

14.00 

2.25 

6.00 

10.60 

2.00 

10.50 

8.85 

8.00 

7.02 

7.10 

8.12 

6.00 

6.40 

1.50 

6.57 

1.25 

6.21 

1.20 

6.20 

Apr. 

May. 
1.95 

Jane. 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

5.57 

1.22 

1.08 

1.08 

1.10 

-0.50 

-0.12 

1.22 

9.75 

1.90. 

1.18 

.76 

.84 

1.26 

—  .46 

+  .86 

.70 

10.05 

1.87 

3.15 

.65 

.72 

.68 

—  .50 

.48 

.60 

10.00 

2. 15 

3.20 

2.15 

.40 

.62 

-.54 

.35 

.62 

15.12 

2.23 

3.12 

2.30 

.38 

.35 

—  .61 

.25 

1.48 

15.15 

2.47 

3.10 

3.80 

.42 

.28 

—  .68 

.12 

1.30 

12.60 

3.00 

3.00 

3.12 

1.40 

.22 

.52 

.10 

1.12 

10.48 

3.00 

2.54 

1.62 

3.22 

.12 

-  .55 

.60 

1.48 

10.00 

2.91 

2.  .32 

1.28 

1.10 

—  .07 

-  .55 

.20 

.60 

10.80 

2.72 

2.26 

.90 

.80 

.03 

-  .58 

.20 

.52 

7.80 

2.57 

2.18 

3.10 

1.60 

—  .10 

+  .12 

.30 

.48 

6.40 

2.45 

2.08 

3.33 

2.00 

—  .60 

.10 

.60 

.'43 

5.00 

3.05 

2.04 

1.60 

1.02 

—  .20 

.12 

.90 

.41 

4.70 

3.15 

2.01 

.90 

.70 

-  .12 

.80 

—  .20 

.90 

4.00 

3.28 

1.89 

.30 

.40 

—  .20 

.30 

—  .10 

1.46 

4.00 

3.00 

1.73 

.50 

.32 

—  .18 

.10 

-  .18 

1.22 

3.70 

2.60 

1.52 

.22 

.20 

—  .22 

.20 

—  .10 

.40 

3.50 

2.22 

1.45 

.40 

2.60 

—  .33 

—  .18 

—  .20 

.58 

8.20 

2.09 

1.37 

1.48 

2.28 

1.60 

—  .20 

—  .20 

.52 

3.00 

1.84 

3.25 

4.50 

8.18 

.20 

-.02 

-  .10 

.47 

2.90 

1.81 

3.12 

9.82 

8.80 

—  .12 

.00 

-.06 

.47 

2.80 

1.78 

2.80 

8.40 

8.10 

-  .14 

.20 

—  .13 

.61 

2.70 

1.71 

2.62 

5.62 

6.48 

.36 

.18 

—  .10 

.70 

2.60 

1.68 

2.70 

3.06 

4.70 

—  .28 

.10 

—  .60 

.68 

2.40 

1.60 

3.00 

1.70 

2.10 

—  .30 

.06 

-  .20 

1.02 

2.30 

1.56 

3.11 

1.11 

1.40 

—  .28 

.02 

—  .10 

.89 

2.22 

1.53 

2.50 

1.32 

1.08 

-  .26 

—  .12 

+  .10 

.89 

2.16 

1.60 

1.00 

3.22 

.80 

—  .82 

-.16 

.26 

L42 

2.08 

1.47 

.90 

2.10 

.68 

-  .86 

—  .20 

8.10 

1.06 

2.00 

1.86 

1.60 

1.76 

.62 

—  .42 

—  .20 

1.40 

.76 

*  M  •  •  •  ■ 

1.28 

1.12 

.40 

—  .20 

.60 

GULF   OP   MEXICO   WATERSHED. 
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MOL.BNA  STATION  ON  FLINT   BIYEB. 

This  station  is  located  at  the  bridge  of  the  Greorgia  Midland  Division 
of  tbe  Southern  Eailway  2  miles  southwest  of  Molena,  Georgia.  The 
wire  gage  is  attached  to  the  stringer  of  the  bridge.  *  The  bench  mark 
is  the  top  of  the  dowstream  iron  girder  under  the  cross- ties,  90  feet 
from  the  end  of  the  bridge  on  the  left  side  of  the  river,  and  its 
elevation  is  30.65  above  the  gage  datum.  Tlie  channel  is  straight  for 
so  ne  distance  above  and  below  the  bridge.  The  right  bank  is  low  and 
liable  to  overflow,  with  a  long  trestle  approach  to  the  bridge.  The  left 
bank  is  not  so  liable  to  overflow,  and  on  that  side  tlie  trestle  approach 
is  shorter.  The  current  is  sluggish.  There  is  one  pier  in  mid-channel, 
but  the  section  is  better  at  the  railroad  bridge  than  at  the  wagon 
bridge  below.  The  observer  is  J.  A.  Moore.  The  following  measure- 
ments were  made  in  1897  by  B.  M.  Hall  and  others: 

May  21,  gage  height,  1.50  feet;  dinoharge,  &il  second- feet. 
Jane  7,  gage  height,  1.75  feet;  discharge,  707  second-feet. 
June  23,  gage  height,  1.70  feet;  discharge,  697  sccond-fcet. 
August  25,  gage  height,  3.30  feet;  discharge,  2,843  second- feet. 
November  8,  gage  height,  1.70  feet;  discharge,  2(>4  second-feet. 
December  7,  gag^  height,  2.10  feet;  discharge,  588  second-feet. 

At  Woodbury,  3  miles  below  station : 

May  21,  gage  height,  1.50  feet;  discharge,  642  second-feet. 


Daily  gage  heighty  in  feet,  of  Flint  River  at  Molena,  Georgia,  for  1897, 


Day. 

Juiie. 

July. 

1.40 
1.80 
1.20 
1.35 
2.65 
2.45 
2.25 
1.90 
1.75 
1.80 
4.05 
3.05 
2.55 
2.05 
1.50 
1.35 
1.25 
1.20 
1.15 
2  25 
2.80 
3.55 
2.55 
2.15 
1.80 
1.55 
l.«5 
2.25 
2.10 
2.05 
1.05 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 ' 

1.45 
1.25 
1.15 
1.10 
1.05 
1.00 
1.25 
1.15 
1.10 
1.20 
1.50 
1.70 
1.65 
1.45 
1..35 
1.25 
1.20 
1.70 
2.25 
2.80 
2.80 
3.45 
3.70 
8.60 
3.05 
2.20 
1.65 
1.50 
1.40 
1.80 
3.00 

1.90 
1.70 
1.40 
1.25 
1.15 
1.10 
1.05 
1.05 
1.00 
1.05 
1.00 
1.05 
.95 
1.00 
1.10 
1.15 
1.10 
1.20 
1.10 
1.00 
1.05 
1.10 
1.05 
1.00 
1.10 
1.15 
1.05 
1.10 
1.05 
1.10 

1.15 
1.15 
1.20 
1.20 
1.15 
1.20 
1.25 
1.30 
1.30 
1.40 
1.45 
1.50 
1.50 
1.75 
1.70 
1.70 
1.60 
1.50 
l.:{5 
1.50 
1.50 
1.45 
1.50 
1.50 
1.45 
1.45 
1.40 
1.45 
1.60 
1.70 
1.55 

1.60 
1.65 
1.75 
1.70 
1.70 
1.80 
1.70 
1.70 
1.05 
1.90 
1.90 
1.93 
1.85 
1.80 
1.75 
1.80 

i.no 

1. 95 
1.86 
1.70 
1.75 
1.80 
1.90 
1.90 
1.90 
1.80 
1.80 
1.95 
2.10 
2.20 

2.15 
2.10 
1.05 
1.95 
2.15 
2.15 
2.10 
2.05 
1.95 

2 ' 

3 

4 

5 

...*.••. 

6 

7 

1.75 
2.00 
2.00 
1.76 
1.30 
1.15 
1.50 
1.60 
1.60 
2.00 
1.60 
1.50 
1.40 
1.70 
2.20 
2.40 
1.70 
2.25 
1.70 
1.45 
1.35 
1.25 
1.20 
1.10 

8 

9 

10 

11 

1.90 
1.90  . 

12 

1.90 
1.90 
2.00 
2.10 
2.10 
2.00 
2.00 
1.05 
1.90 
1.90 
2.00 
2.10 
2.10 
2.00 
2.00 
2.10 
2.10 
2.10 
2.00 
2.00 

13 

U 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

1 

46 


OPERATIONS   AT   RIVER   STATIONS,  1897. 


OAKDAXB  STATION  ON  OHATTAHOOOHBB  EIVER, 

This  station  described  in  the  Eighteenth  Annual  Eeport,  Part  IV, 
page  85,  is  located  at  the  Southern  Kallroad  bridge,  1  mile  above  the 
mouth  of  Proctor  Creek,  at  Oakdale,  Georgia.  The  pulley  and  rod  of 
the  wire  gage  is  attached  to  tlie  lower  guard  rail  on  the  second  panel 
of  the  second  span  from  the  east.  The  length  of  the  wire  gage  is  58.85 
feet.  The  distance  from  the  pulley  to  the  zero  of  the  rod  is  2.20  feet. 
Bench  mark  1,  a  railroad  spike  in  corner  of  stone  pier,  toward  river, 
downstream  side,  is  12.39  feet  above  datum.  Bench  mark  2,  center  of 
pulley,  is  56.36  feet  above  datum.  The  observer  is  J.  U.  Ijowry.  The 
following  discharge  measurements  were  made  by  B.  M.  Hall  and  others 
during  1897 : 


Date. 


Apr.  24. 
Apr.  27. 
•May  22. 
May  25.. 
May  31. 
May  31. 
June  9  . 


Gage 
height. 

Dis- 
charge. 

Feet. 

See.  ft. 

2.90 

3,065 

2.70 

2,703 

1.65 

2,055 

1.50 

2,014  1 

1.35 

1,929  1 

1.35 

2,003  1 

1.44 

1,991 

Date. 


June  16 
Jane  28 
July  20. 
Aug.  5.. 
Aug.  27- 
Sept.  10 


Gaffe 
height. 

DiB 
charge. 

Feet. 

See.  ft' 

0.94 

1,523 

.57 

1,306 

12.9 

15, 617 

.84 

1,276 

.33 

1,196 

—  .12 

849 

Date. 


Sept.  17 
Oct. 2  -. 
Nov.  5  -  - , 
Nov.  24. 
Dec.  6.. 
Dec.  28 . 


Gage 
hei^t. 


Feet. 
-0.30 

-  .50 
.46 

-  .05 
2.65 
1.70 


Dis- 
charge. 


See.  ft. 
778 
659 

1,194 
879 

2,426 

1,926 


Daily  gage  height,  in  feet,  of  Chattahoochee  Biver  at  OakdaUy  Georgia,  for  1897. 


Day. 


1. 

2. 
3. 
4. 

5. 

G. 

7. 

8. 

0. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

0.20 

3.10 

2.00 

2.90 

4.10 

.20 

4.50 

1.80 

4.30 

3.20 

.20 

4.90 

1.80 

5.55 

2.80 

.30 

3.25 

2.00 

8.00 

2.50 

.40 

3.70 

1.90 

11.80 

2.40 

.40 

4.10 

9.00 

17.25 

2.25 

.35 

5.50 

9.20 

8.75 

2.15 

.35 

5.00 

5.50 

5.70 

2.05 

.30 

3.10 

4.45 

6.12 

2.00 

.30 

2.40 

4.05 

5.30 

1.05 

.20 

3.40 

3.60 

4.50 

1.90 

.20 

4.00 

6.40 

4.05 

1.90 

.40 

5.30 

12.60 

4.00 

1.85 

3.00 

4.00 

10.00 

4.55 

1.00 

3.70 

2.60 

8.40 

4.05 

2.35 

2.80 

2.60 

6.80 

4.00 

1,85 

2.40 

2.40 

5.45 

3.50 

1.70 

4.00 

2.10 

6.10 

2.20 

1.50 

4.60 

1.90 

5.80 

3.05 

1.45 

5.50 

2.50 

5.55 

3.00 

1.35 

7.50 

2.50 

5.00 

2.80 

1.85 

0.85 

2.90 

4.30 

2.75 

1.40 

3.90 

5.10 

4.50 

2.70 

1.40 

3.20 

4.60 

4.00 

2.70 

1.35 

2.00 

3.60 

3.90 

2.65 

1.30 

1.65 

2.90 

3.85 

2.60 

1.20 

.45 

2.40 

3.10 

2.40 

1.10 

1.10 

2.05 

3.00 

2.10 

1.05 

1.25 

2.75 

2.00 

1.00 

1.50 

2.70 

2.20 

1.05 

2.00 

2.15 

1.10 

June.  July. 


Nov. 

Dec. 

0.00 

1.10 

.35 

.85 

.35 

1.20 

.95 

1.00 

.35 

2.65 

.30 

2.60 

.15 

1.50 

.15 

1.10 

.10 

.75 

.15 

.00 

.10 

.55 

.05 

.50 

.00 

.50 

—.05 

1.75 

—.10 

1.80 

—.05 

1.90 

f.lO 

1.65 

-.05 

1.15 

—.05 

.65 

—.05 

.75 

-.05 

.95 

—.06 

1.95 

-.05 

2.95 

—.10 

1.75 

-.10 

L70 

-.10 

2.25 

+  .60 

1.95 

1.85 

1.85 

1.85 

1.35 

1.60 

2.05 

.96 

GULP   OF   MBXICO   WATERSHED. 
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WEST  POINT  STATION  ON  GHATTAHOOOHBE  BIYEB. 

This  station,  described  in  the  Eighteenth  Annual  Eei)ort,  Part  lY, 
page  90,  is  at  the  highway  bridge  in  the  city  of  West  Point,  Georgia, 
about  1,200  feet  from  the  railroad  passenger  depot.  The  rod  on  the 
highway  bridge  is  nailed  to  the  iioor  of  the  downstream  footway  on 
the  outside  of  the  iron  hand  rail.  The  center  of  the  3-inch  pulley  is  at 
gage  height  25.38  feet  and  7.0  feet  from  zero  point  of  rod.  The  length 
of  cable  from  bottom  of  weight  to  index  is  33.46  feet.  One  bench 
mark  on  the  highway  bridge  is  the  top  of  the  first-floor  beam  from 
west  end  pier  and  is  24.01  feet  above  zero;  the  other  is  on  the  top  of 
the  second-floor  beam  from  west  end  pier  and  is  24.19  feet  above  zero. 
The  bottom  is  sandy  and  liable  to  change.  The  banks  of  the  river  at 
the  ends  of  the  bridge  seldom,  if  ever,  overflow,  but  the  ground 
between  the  banks  and  the  depot  is  lower  and  does  overflow  at  high 
water.  The  observer  is  G.  E.  Melton.  The  following  discharge  meas- 
urements were  made  by  B.  M.  Hall  and  Max  Hall  during  1897: 


Date. 

height. 

Feet. 

Jan.  23... 

6. 66 

Apr.26... 

3,70 

May  4.... 

4.13 

May  19... 

3.00 

June  5  . . . 

2.90 

Date. 

Gaffe 
height. 

Dis- 
charge. 

Feet. 

See.  ft. 

June  19  . . . 

2.59 

2,934 

Julys 

3.03 

3,470  . 

July  23.... 

5.01 

7,853 

Aug.  14 

2.12 

1,915 

Sept.4  .... 

1.80 

1,690 

Date. 


Sept.  22 
Nov.  9.. 
Nov.  23. 
Dec.  17. 


Gage 
height. 

Feet. 

Dis- 
charge. 

See.  ft. 

1.20 

985 

1.71 

1,345 

1.60 

1,322 

3.14 

3,989 

Daily  gaffe  height,  in  feet,  of  Chattakoochee  River  at  West  Point,  Georgia,  for  1897. 


Day. 


1 
2 
8 

4 
5 

e 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
28 
27 
28 
29 
30 
81 


Jan. 


1.90 
1.90 
1.90 
1.96 
2.00 
2.00 
2.00 
1.05 
1.95 
1.90 
1.00 
1.05 
1.95 
2.10 
2.20 
4.00 
4.05 
3.35 
8.30 
5.40 
8.20 
7.30 
6.50 
4.80 
3.70 
3.50 
3.20 
8.00 
3.00 
2.06 
8.20 


Feb. 


3.15 
4.40 
7.00 
7.40 
7.10 
6.00 
0.00 
5.20 
6.00 
4.70 
4.90 
7.12 
6.50 
6.10 
4.70 
4.65 
4.60 
4.60 
4.30 
4.35 
4.35 
4.40 
4.85 
5.60 
5.50 
4.00 
3.90 
3.80 


Mar. 


3.65 

3.60 

3.50 

3.50 

3.60 

4.10 

10.95 

9.30 

7.10 

5.50 

5.30 

6.20 

10.70 

14.10 

12.90 

11.00 

10.00 

10.00 

9.00 

8.50 

6.30 

8.10 

8.00 

8.50 

7.60 

5.00 

4.95 

4.70 

4.50 

4.30 

4.00 


Apr. 


4.00 
4.00 
8.95 
4.40 
8.50 
10.20 
11.00 
10.50 
8.00 
7.10 
6.50 
6.30 
6.00 
5.80 
5.70 
6.50 
6.80 
5.00 
4.50 
4.20 
4.^ 
4.10 
4.00 
3.80 
3.85 
3.70 
8.65 
8.60 
3.60 
3.80 


May. 


8.90 
4.00 
3.80 
3.75 
8.65 
8.60 
3.60 
3.60 
3.55 
3.50 
3.50 
8.55 
3.75 
3.60 
3.40 
8.20 
3.10 
3.00 
8.00 
2.90 
2.85 
2.80 
2.75 
2.70 
2.70 
2.70 
2.70 
2.65 
2.65 
2.66 
2.65 


June. 


July. '  Aag. 


Sept.  I  Oct. 


2.65 
2.70 
2.80 
2.85 
2.90 
2.95 
2.80 
2.70 
2.60 
2.60 
2.65 
2.65 
2.60 
2.50 
2.45 
2.40 
2.50 
2.00 
2.70 
2.60 
2.55 
2.55 
2.50 
2.50 
2.50 
2.60 
2.80 
2.15 
2.00 
1.90 


1.00 
1.90 
2.00 
2.30 
3.00 
3.50 
2.50 
3.00 
3.00 
2.00 
2.00 
2.80 
2.40 
2.20 
2.00 
1.80 
1.90 
2.00 
3.00 
9.00 
11.40 
8.00 
5.40 
4.40 
4.20 
4.10 
4.00 
3.60 
3.50 
3.00 
2.80 


2.90 
3.00 
3.20 
2.80 
2.80 
2.50 
2.40 
2.20 
2.00 
1.90 
2.90 
3.00 
2.70 
2.80 
2.25 
2.00 
2.95 
3.50 
4.00 
4.50 
6.20 
8.10 
7.00 
6.10 
8.50 
2.80 
2.40 
2.10 
2.10 
1.90 
1.90 


1.80 
1.70 
1.65 
1.65 
1.60 
1.60 
1.50 
1.50 
1.40 
1.40 
1.40 
1.35 
1.35 
1.30 
1.30 
1.30 
1.25 
1.25 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.15 
1.15 
1.15 
1.10 
1.10 
1.10 


1.10 

1.10 

1.05 

1.05 

1.00 

1.00 

1.00 

0.95 

0.95 

0.95 

1.15  ! 

1.50 

3.00 

2.90 

2.50 

1.90 

1.75 

1.65 

1.60 

1.40 

1.50 

1.60 

1.40 

1.40 

1.30 

1.30 

1.20 

1.20 

1.40 

1.40 

1.80 


1.30 
1.30 
1.30 
1.50 
2.30 
2.00 
1.80 
1.65 
1.70 
1.90 
1.90 
1.70 
1.70 
1.60 
1.60 
1.60 
1.50 
1.50 
1.55 
1.40 
1.30 
1.20 
1.10 
1.05 
1.05 
1.10 
1.00 
2.65 
2.60 
2.50 


Dec. 


2.50 
2.60 
2.50 
2.40 
2.60 
2.75 
2.85 
2.60 
2.60 
2.50 
2.40 
2.40 
2.50 
4.30 
3.75 
3.50 
3.10 
3.05 
3.10 
3.00 
4.00 
3.80 
3.70 
3.70 
3.65 
3.60 
3.50 
3.20 
2.80 
2.60 
2.60 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


CANTON  STATION  ON  ETOWAH  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  94,  is  one-half  mile  above  the  mouth  of  Canton  Greek,  and  is 
located  at  the  iron  highway  bridge  over  Etowah  Iliver  about  1,000  feet 
north  of  and  upstream  from  the  Atlanta,  Knoxville  and  Northern  Rail- 
road depot  at  Canton,  Georgia.  The  United  States  Weather  Bureau 
gage  rod  is  used.  The  observer  is  J.  A.  Low.  The  bench  mark  is  on 
the  left-bank  pier.  The  iron  bridge  rests  on  four  pieces  of  railroad 
track  iron,  forming  a  cap.  Measuring  from  the  end  toward  the  river  on 
one  of  these  on  the  upstream  side  of  the  bridge,  its  top  is  23.3  feet  above 
the  datum  of  the  gage.  Up  to  3  feet  gage  height  the  river  is  only 
116  feet  wide,  and  flows  between  the  piers  ou  its  lower  banks.  Up  to 
about  14  feet  it  is  confined  between  its  upper  banks,  which  are  the 
abutments  at  outer  end  of  approaches.  Above  this  stage  it  begins  to 
overflow  the  bottom  lands.  The  initial  point  is  the  top  of  right-bank 
pier,  at  its  edge  toward  the  river.  The  following  discharge  measure- 
ments were  made  by  B.  M.  Hall  and  Max  Hall  during  1897 : 

March  17,  gage  lieight|  2.60  feet ;  discharge,  2,656  Becond-feet. 
May  5,  gage  height,  0.75  foot ;  discharge,  1,264  second-feet. 
June  16,  gage  height,  1.27  feet;  discharge,  1,632  Becond-fe<^t. 
August  28,  gage  height,  — 0.30  foot ;  discharge,  449  second-feet. 
September  21,  gage  height,  — 0.60  foot;  discharge,  284  second-feet. 
November  12,  gage  height,  0.23  foot ;  discharge,  346  second-feet. 
December  13,  gage  height,  0.33  foot;  discharge,  514  seoond-feet. 


Daily  gage  height j  in  feet,  of  Etowah  River  at  Canton,  Georgia,  for  1897. 


Day. 

Jan. 

Feb. 

Afar. 

Apr. 

1 

May. 

Juno. 

July. 

Aug. 

Sept. 

1 

Oct. 

1 

Nov. 

Dec. 

1 

—0.10 

1 
0.60  '  0.80 

1.60 

2.00 

0.10 

0.00 

0.20 

0.80 

'—0.70 

0.20 

1 

;   0.60 

2 

-.10 

2.20 

.60 

2.00 

1.80 

.10 

.00 

.00 

.00 

-.70 

.80 

1      .60    I 

3 

—  .10 

1.00 

.60 

2.00 

1.80 

.70 

.00 

.00 

—.30 

.70 

.80 

.60    1 

4 

—  .10 

.80 

.60 

2.60 

1.60 

.60 

.00 

.00 

.40 

—  .60 

.60 

.60 

5 

—  .10 

.80 

0.60 

11.20 

.70 

.60 

.00 

.00 

—.40 

—  .40 

.50 

1    2.00 

6 

.10 

.90     3.60 

5.00 

.70 

.60 

.00 

.60 

—.60 

.30 

.50 

,     1.00 

7 

—  .10 

.80     4.00 

3.00 

.70 

.40 

.40 

.80 

— .60* 

—  .30 

.30 

.90 

8 

10 

.80 

2.00 

2.00 

.60 

.40 

.40 

.80 

—.60 

—  .40 

.30 

.80 

9 

.10 

.80     1. 80 

3.00 

.60 

.30 

.40 

.60 

—.60 

-  .40 

.30 

.80 

10 

—  .10 

.80  '  1.80 

2.60 

.50 

.30 

.30 

.60 

—.60 

—  .40 

.20 

1      .80 

11 

-.10 

.80     1.80 

2.40 

.50 

.20 

.30 

.60 

-.60 

+1.20 

.20 

.80 

12 

-.10 

.80     2.80 

2.20 

.50 

.10 

.20 

.40 

—.60 

1.00 

.20 

.60 

13 

-  .10 
2.20 

1.80  ,  7.20 
1. 00     6. 80 

2.00 
2.00 

.50 

.40 

.10 
.10 

.20 
.20 

.40 
.20 

—.60 
-.60 

.80 
.80 

.20 
.20 

.80 
.90 

14 

15 

1.80 
.90 
.50 

.80     4. 00 
.  80  ;  3.  60 
.  70     2.  60 

2.00 
1.80 
1.80 

.40 
.40 
.40 

.00 
3.00 
1.00 

.10 
.10 
.90 

.20 

.20 

1.00 

-.60 
—.60 
—.60 

.60 
.60 
.60 

.20 
.20 
.20 

.90 
.80 

16 

17 

.70 

18 

2.00 

.60  I  2.40 

1.40 

.40 

.80 

.90 

1.00 

.60 

.40 

.20 

.70 

19 

1.60 

.60  ,  2.00 

1.40 

.40 

.60 

1.00 

.80 

-.60 

.40 

.10 

.80 

20 

3.60 

.60     2.80 

1.20 

.40 

.40 

2.00 

.60 

—.60 

.60 

.10 

.80    , 

21 

3.00 

.  80  1  2. 00 

1.20 

.30 

.40 

7.10 

.40 

—.60 

.40 

.20 

.90    ! 

22 

2.00 

.80     1. 00 

kOO 

.30 

.80 

2.60 

.20 

—.60 

.40 

.20 

1.00 

23 

1.00 

1.60     1.80 

1.00 

.20 

.30 

1.00 

.00 

—.60 

.40 

.20 

.90 

24 

.80 

1.00 

1.80 

1.00 

.10 

.30 

:80 

.00 

—.60 

.40 

.20 

.80    , 

26 

.70 
.70 
.70 
.00 
.60 
.60 
.60 

1.00 
.80 
.80 
.80 

1.60 
1.60 
1.40 
1.20 
1.20 

1.00 

.80 

.80 

.80 

1.00 

1.00 

.10 
.10 
.10 
.10 
.10 
.10 
.10 

.80 
.20 
.10 
.10 
.10 
.10 

.80 
.60 
.60 
.60 
.60 
.40 
.20 

.00 

—  .10 

—  .20 
-.80 

—  .40 

—  .40 
+1.00 

—.60 
—.80 
.60 
—.60 
—.60 
—.60 

.40 
.40 
.30 
.80 
.80 
.30 
.20 

.80 
.60 
.60 
.60 
.80 
.60 

.80 

26 

.80 

27 

.70    . 

28 

.60 

29 

.00 
.00 
.60 

30 

!  1.20 

31 

1.20 

GULP   OP   MEXICO   WATERSHED. 
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OABTEBS  STATION  ON   COOSA WATTKE  BIVEB. 

This  station,  described  in  the  Eigbteefitb  Annual  Rex)ort,  Part  IV, 
page  96,  is  at  the  iron  highway  bridge  at  Carters,  Murray  County,  Geor- 
gia, about  20  miles  northeast  of  Calhoun,  the  most  convenient  railroad 
station.  The  current  is  not  uniform,  being  broken  by  a  gravel  bar 
above,  but  is  a  fairly  good  sectiou  for  measurement.  The  bed  is  gravel 
and  not  apt  to  change.  The  banks  are  high,  but  are  sometimes  over- 
flowed. The  rod  of  the  gage  is  nailed  to  the  outside  of  the  guard  tim- 
ber on  downstream  side  of  the  bridge.  Center  of  3-inch  pulley  is  20 
feet  from  initial  point  and  is  32.05  feet  above  datum.  The  zero  point  of 
rod  is  5  feet  from  center  of  pulley.  The  length  of  wire  cable  from  bot- 
tom of  weight  to  index  marker  is  37.24  feet.  The  top  of  the  cylindrical 
iron  pier  at  the  right-bank  downstream  corner  of  bridge  is  30.35  feet 
above  gage  datum.  The  observer  is  Col.  S.  M.  Carter.  The  following 
measurements  were  made  by  Max  Hall  and  others  during  1897 : 


Date. 

hof^t. 

Dia.    ' 
charge. 

Date. 

Gago 
height. 

Dis- 
charge. 

See./eet. 

Date. 

1 

Gage 
height. 

Dia- 
oharge. 

Feet. 

Secfett. 

Feet, 

1 

Feet. 

See./eet. 

May  22... 

2.10 

815 

June28 

1.33 

474 

Nov.  15... 

0.77 

243 

May  24... 

1.95 

771 

July  15.... 

1.50 

545 

Nov.  24... 

.75 

263 

May  26. . . 

1.88 

712 

July  22.... 

2.41 

1,079 

i  Deo.  14... 

2.71 

1,118 

May  28... 

1.85 

698 

Sept.  17  . .  - 

.70 

251 

Deo.  22... 

3.54 

1,661 

Jane 1 

1.90 

724 

Sept. 27  ... 

.60 

216 

Daily  gage  heighty  in  feet,  of  Cooaawattee  River  at  Carters,  Georgia,  for  1897, 


Jan. 

Feb. 
1.40 

Mar. 

Apr. 
4.05 

May. 

Jane. 
1.90 

1 
July. 

Aug. 
1.35 

Sept. 

Oct. 

Nov. 

Deo. 

1.30 

2.05 

4.00 

1.40 

1.00 

0.60 

0.80 

0.75 

1.25 

4.00 

1.95 

4.10 

3.25 

1.90 

1.40 

1.35 

1.00 

.60 

.80 

.75 

1.25 

3.00 

1.85 

5.00 

2.75 

1.90 

1.30 

1.30 

.95 

.60 

1.50 

.90 

1.25 

2.15     1.85 

9.00 

2.50 

2.20 

1.30 

1.30 

.95 

.60 

1.00 

2.20 

1.20 

2.  40     1.  80 

15.00 

2.40 

2.00 

1.30 

1.40 

.90 

.55 

.70 

8.50 

1.20 

2. 40     9.  00 

4.50 

2.35 

1.90 

1.40 

2.50 

.90 

.55 

.60 

1.90 

1.20 

2. 50     5. 10 

4.00 

2.30 

1.80 

1.70 

2.00 

.90 

.55 

.60 

1.80 

1.20 

2.  55     4.  00 

3.50 

2.20 

1.80 

1.60 

1.80 

.80 

.55 

.70 

1.80 

1.15 

2.  55     3. 50 

5.50 

2.15 

1.70 

1.60 

1.60 

.75 

.55 

.70 

1.50 

1.15 

2.  50     3.  50 

5.00 

2.20 

1.60 

1.60 

1.60 

.75 

.55 

.80 

1.50 

1.15 

2.50 

3.60 

4.50 

2.50 

1.60 

1.70 

1.50 

.70 

.55 

.80 

2.10 

1. 20  ,  2. 70 

21.15 

4.30 

3.50 

1.60 

1.50 

1.40 

.70 

2.50 

.70 

1.80 

4. 15  ,  2. 50 

11.50 

4.00 

2.50 

1.50 

1.40 

1.30 

.70 

1.10 

.70 

2.00 

2.20 

2.50    13.62 

3.50 

2.50 

1.50 

1.40 

1.20 

.70 

1.00 

.70 

2.70 

2.10 

2.10 

10.00 

4.  50 

2.40 

1.50 

1.50 

1.10 

.70 

1.00 

.60 

2.50 

2.15 

2.10 

8.00 

3.50 

2.30 

2.70 

1.  50 

1.10 

.65 

.90 

.60 

2.40 

2.20 

2.05 

5.50 

3.30 

2.  30 

1.80 

1.50 

1.10 

.70 

.80 

.70 

2.40 

2. 00     2.  00 

5.00 

3.25 

2.  30 

1.60 

1.70 

1.10 

.65 

.70 

.70 

2.60 

2. 00     2.  00 

6.00 

3.20 

2.20 

1.50 

9.90 

1.05 

.60 

.70 

.70 

2.70 

3. 15     2. 00 

6.00 

3.10 

2.20 

1.50 

3.50 

1.05 

.60 

1.45 

.70 

2.50 

4.10     2.05 

5.10 

3.00 

2.10 

1.50 

2.40 

1.05 

.60 

1.40 

.65 

3.00 

2. 15     2. 10 

5.00 

3.95 

2.10 

1.40 

3.00 

1.05 

.60 

1.10 

.65 

3.10 

2.10 

7.00 

4.80 

3.95 

2.00 

1.40 

2.00 

1.00 

.60 

.80 

.65 

2.90 

2.00 

3.50 

4.50 

3.90 

2.00 

1.50 

1.50 

1.00 

.60 

.80 

.70 

2.80 

2.00 

2.50 

4.00 

3.80 

1.90 

1.40 

1.50 

.90 

.60 

.70 

.70 

2.50 

1.90 

2.40 

3.75 

3.70 

1.90 

1.40 

1.90 

.90 

.60 

.70 

.70 

2.20 

1.70  ;  2.30 

3.50 

3.65 

1.80 

1.40 

1.60 

.80 

.60 

.60 

.70 

2.00 

1. 50  1  2. 20 

3.35 

3.60 

1.80 

1.40 

1.50 

.80 

.60 

.60 

.70 

1.80 

1.40' 

3.25 

3.50 

1.80 

2.50 

1.40 

.90 

.60 

.60 

.75 

1.50 

1.30    

3.10 

3.50 

2.50 

1.50 

1.40 

3.50 

.65 

.60 

.75 

1.40 

1.20    

3.00 

2.00 

1.40 

1.50 

.55 

1.30 

IBB   15- 
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OPERATIONS   AT   RIVER   STATIONS,  18»7. 


BBSACA   STATION  ON   OOSTANAULA  BIYER. 

• 

This  station,  described  in  the  Eighteenth  Annual  KeiK>rt,  Part  lY, 
page  08,  is  at  the  iron  railroad  bridge  of  the  Western  and  Atlantic  Bail- 
road^  in  the  town  of  Eesaca,  Georgia,  1,000  feet  from  the  depot.  The 
river  bed  is  probably  soft  and  liable  to  change.  The  wire  gage  is 
adjusted  to  the  same  datum  as  the  Weather  Bureau  gage  at  this  point. 
The  initial  x)oint  is  the  first  x)in  of  bottom  link  cord  at  right-bank  end 
of  bridge,  downstream  side.  The  rod  of  the  wire  gage  is  nailed  to  the 
outside  of  the  guard  rail  on  the  downstream  side.  The  center  of  the 
3  inch  pulley  is  on  the  downstream  side  of  the  bridge  61.50  feet  from 
initial  point,  and  at  40.20  feet  gage  height.  The  end  or  zero  point  of 
the  rod  is  3  feet  from  the  center  of  the  pulley.  The  length  from  bottom 
of  weight  to  index  of  gage  cable  is  43.40  feet.  The  first  bench  mark  is 
on  the  top  of  capstone  of  center  pier  at  36.12  feet  gage  height.  The 
second  is  the  top  of  cross-tie  near  center  at  40.12  feet  gage  height.  The 
observer  is  S.  M.  Barnett,  railroad  agent  at  depot,  who  is  also  the 
observer  for  the  Weather  Bureau.  The  following  discharge  measure- 
ments were  made  by  Olin  P.  Hall  and  Max  Hall  during  1807: 

May  25,  gage  height,  3.48  feet;  discharge,  1,535  second-foot. 
May  29,  gage  height,  3.26  feet;  discharge,  1,389  second-feet. 
Jane  23,  gage  height,  2.44  feet;  discharge,  972  second-feet. 
September  23,  gage  height,  1.20  feet;  discharge,  406  second-feet. 
November  14,  gage  height,  1.46  feet;  discharge,  510  second-feet. 
December  24,  gage  height,  7.10  feet ;  discharge,  4,642  second-feet. 
December  30,  gage  height,  3.42  feet;  discharge,  1,630  second-feet. 

I  Daily  gag^  height,  in  feet,  of  Oostanaula  Biver  at  Beeaca,  Georgia,  for  1897. 


Day. 

^       1 
Jan. 

Feb. 

Mar. 

Apr. 

May. 

June, 

July, 

Aug. 

Sept. 

Oct, 

Nov. 

Dec. 

1 

2.20 
3.20 
2.20 
2.20 
3.00 
8.05 
2.75 
2.50 
2.40 
2.30 
2.25 
2.25 
2.25 
5.45 
7.60 
6.10 
4.10 
6.40 
5.20 
4.40 
0.60 
8.70 
6.10 
5.00 
4.40 
4.00 
8.70 
8.40 
2,70 
3.10 
3.50 

3.80 

13.90 

14.00 

13.20 

8.70 

0.20 

7.30 

7.60 

7.00 

6.00 

6.80 

8.60 

0.80 

7.70 

6.40 

6.70 

5.40 

4.70 

4.50 

4.50 

5.00 

4.60 

11.40 

12.00 

10.60 

6.70 

6,70 

6.10 

4.60 

4.40 

4.20 

4.30 

6.90 

10.60 

18.00 

18.80 

19.00 

10.20 

10.70 

16.50 

21.70 

21.70 

24.60 

26.00 

25.30 

23.80 

21.30 

18.90 

18.20 

18.40 

17.60 

12.70 

8.40 

7.60 

6.70 

6.60 

6.00 

6.00 

6.00 

7.30 

11.40 

12.40 

12.50 

18,60 

20.30 

19,60 

16,30 

10.10 

10.40 

8,60 

7.60 

6.80 

6.40 

6,80 

8.20 

7.00 

6.20 

5.80 

5.50 

5.30 

5.10 

4.90 

4.80- 

4.80 

4.70 

4,70 

4,00 

4.40 

4.30 

5.40 
6.05 
4.60 
4.40 
4.25 
4.10 
4.00 
3.95 
3.85 
3,85 
3,95 
4.90 
6.45 
8.45 
8.75 
5.70 
4.70 
4.40 
4.10 
3.95 
3.85 
3.80 
8.75 
3.60 
3.60 
3.35 
3.80 
3.25 
3.25 
3.15 
3.50 

4.25 
3.60 
3.50 
3,65 
3.35 
3.16 
3.00 
2.00 
3,00 
3.16 
2.90 
2.75 
2,70 
2.60 
2,55 
2.60 
2.70 
2.00 
2.75 
2.60 
2.60 
2,45 
2,35 
2.36 
2.45 
2.45 
2.30 
2.25 
3.50 
2.90 

2.60 
2.25 
2.20 
2.15 
2.20 
2.65 
6.20 
3.00 
2,80 
2,80 
3.25 
8.30 
2.90 
2.65 
2.30 
2.15 
3.10 
2.00 
8.40 
11.80 
7.85 
9.00 
7.20 
4,20 
3,25 
4.05 
4,40 
8,90 
8.20 
2.80 
2.65 

2.45 
2.30 
3,00 
2.40 
2,50 
3.15 
4.00 
3.45 
2,85 
2.60 
8.20 
2.75 
2.50 
2,16 
2.10 
2.10 
2.55 
3.00 
2.20 
2.10 
2.00 
2,20 
2.60 
2.60 
2.20 
2.05 
2,00 
1.85 
1,75 
1.70 
1,85 

2,30 
1.90 
1.90 
1.80 
1.80 
1.60 
1,60 
1.45 
1.40 
1.40 
1.40 
1.40 
1.35 
1,30 
1,30 
1.80 
1.80 
1,40 
1,26 
1.20 
1.15 
1.16 
1,16 
1,16 
1.15 
1,15 
1.15 
1.10 
1.20 
1,00 
...... 

1,00 
1.05 
1,05 
.95 
.05 
1.05 
1.10 
1.05 
1.05 
1.05 
1.10 
2  05 
3.00 
1.80 
1.60 
1.45 
1.35 
1.20 
1.15 
2,15 
2.06 
2.00 
1.80 
1,75 
1.60 
1.40 
1.85 
1,86 
1.35 
1,30 
1.80 

1.35 
2.05 
2.30 
2.10 
1.90 
1.75 
1,65 
1.56 
1.55 
1.65 
1.56 
1.60 
1,46 
1.46 
1.46 
1.40 
1.40 
1.46 
1,46 
1,40 
1,40 
1,40 
1,40 
1,45 
1.40 
1,40 
1.56 
1.80 
1.75 
1,76 

1.85 

2 

1.65    i 

3 

2.00 
4.66 
5.10 
5,70 
4.30 
3.10 
2.60 
2.35 
2.20 
2.20 
2.10 
4.15 
6,30 
i.45 
3.40 
2.90 
2,75 
5,25 
6.20 
8.46 
9.25 
7.50 
4.06 
4.46 
4.90 
4.25 
3.75 
3.40 
8.20 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

GULF  OF  MEXICO  WATERSHED.  51 

BIYERSIDE  STATION  ON  OOOSA  BIYEB. 

This  station,  described  in  the  Eighteenth  Annaal  Beport,  Part  IV, 
page  99,  is  at  the  bridge  of  the  Southern  liailway  across  the  Ooosa 
Biver  near  Eiverside,  Alabama.  The  observer  is  J.  W.  Foster,  who  is 
employed  at  a  large  sawmill  about  300  feet  distant.  The  center  of  the 
3-ittch  pulley  is  5  feet  east  of  zero  of  rod,  and  is  33.15  feet  above  gage 
datum.  The  length  of  wire  cable  from  bottom  of  weight  to  index  is 
38.35  feet.  The  first  bench  mark  is  the  top  of  capstone  on  the  large 
circular  center  pier  of  turn  span.  It  is  26.80  feet  above  datum  of  gage 
at  downstream  side  of  pier.  The  top  of  the  first  iron  floor  beam  on 
stationary  part  east  of  the  draw,  near  gage,  downstream  end,  is  31.13 
feet  above  gage  datum.  The  following  discharge  measurements  were 
made  by  B.  M.  Hall  and  Max  Hall  during  1897  : 

March  31,  gage  height,  4.53  feet;  discharge,  12,515  secoud-feet. 
Jane  17,  gage  height,  1.54  feet ;  discharge,  3,747  Heoond-feet. 
Jnly  21,  gage  height,  5.55  feet;  discharge,  16,i^  second-feet. 
August  20,  gage  height,  2.58  feet;  discharge,  6,174  second- feet. 
Korember  29,  gage  height,  0.80  foot;  diacharge,  1,854  socond-feet. 

• 

LOCK  NO.  4  AND  LOOK  KO.  6. 

The  station  at  Lock  No.  4,  described  in  Water  Supply  aud  Irrigation 
Pax>er  No.  11,  page  31,  is  located  3  miles  above  Riverside,  Alabama. 
The  first  section  of  the  vertical  gage  rod  is  fastened  to  the  lower  end 
of  the  cofferdam,  500  feet  below  the  dam  on  the  river.  The  second  sec- 
tion is  fastened  to  a  sycamore  tree  150  feet  below  rod  1.  Zero  of  rod  is 
477.30  feet  above  the  Mobile  datum.  The  bench  mark  is  a  brass  point 
in  stone  post  1,000  feet  up  river  from  lower  gage,  aud  is  510.55  feet 
above  Mobile  datum. 

The  station  at  Lock  No.  5,  described  in  the  Eighteenth  Annual  lieport, 
Part  IV,  page  101,  is  located  one- half  mile  above  the  Birmingham  aud 
Atlantic  Eailroad  crossing  and  about  20  miles  below  the  gaging  station 
at  Biverside,  Alabama.  The  gage  is  vertical,  in  two  sections,  fastened 
to  trees,  immediately  above  the  landing  at  OoUin's  ferry.  The  zero  of 
the  gage  is  460.37  feet  above  Mobile  datum.  Bench  mark  1  is  on  the 
oak  tree,  to  which  one  section  of  the  rod  is  fastened,  and  is  471.80  feet 
above  Mobile  datum.  Bench  mark  2  is  center  of  iron  plate  at  top  of 
cylindrical  pier  at  right  bank,  upstream  side  of  railroad  bridge  below, 
and  it  is  at  an  elevation  of  493.91  feet,  Mobile  datum.  River  height 
observations  were  continued  at  these  stations  in  1897  under  the  direction 
of  the  United  States  Engineer  Oorps. 
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OPERATIONS  AT   BIYEB   STATIONS,  1897. 


Daily  getge  height,  in  feet,  of  Coosa  Biver  ai  Bivernde,  Alabama,  for  1897, 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


1.10 
1.10 
1.10 
1.10 
1.10 
1.20 
1.26 
1.30 
1.36 
1.36 
1.36 
1.30 
1.40 
2.00 
3.60 
4.0O 
4.00 
6.35 
5.00 
4.80 
6.50 
7.00 
7.85 
7.00 
6.40 
4.70 
3.90 
3.00 
2.70 
2.60 
2.20 


Feb. 

Mar. 

2.00 

5.00 

2.50 

4.60 

6  36 

4.25 

7.35 

3.90 

7.70 

4.20 

7.90 

6.80 

9.00 

11.40 

7.70 

13.30 

6.40 

12.55 

6.90 

12.66 

6.20 

12.70 

7.36 

12.80 

8.30 

13.46 

8.20 

14.80 

7.50 

14.60 

6.60 

14.80 

5.70 

14.70 

5.00 

14.70 

4.60 

14.50 

4.00 

U.80 

4.60 

14.90 

4.65 

14.70 

6.00 

14.50 

7.90 

13.70 

9.00 

12.20 

9.00 

10.60 

8.00 

8.50 

6.20 

6.50 

6.30 

4.00 

4.60 

Apr. 


May. 


4.30 
4.45 
6.20 
7.00 
8.60 
9.50 
10.50 
11. 16 
12.16 
11.90 
10.70 
9.10 
7.30 
6.06 
6.60 
6.30 
5.60 
6.40 
5.00 
4.60 
4.30 
4.00 
3.80 
3.60 
3.40 
3.30 
3.25 
2.20 
3.10 
3.20 


3.40 
3.10 
3.05 
3.60 
3.20 
3.00 
3.80 
3.70 
2.65 
2.60 
2.50 
2.55 
2.65 
2.10 
3.00 
4.00 
4.00 
3.60 
3.20 
3.00 
2.70 
2.36 
2.30 
2.25 
2.25 
2.15 
2.05 
2.00 
2.00 
1.96 
1.90 


June. 


1.90 
1.90 
1.90 
1.86 
1.86 
1.80 
1.90 
2.15 
2.10 
1.90 
1.90 
2.00 
1.90 
1.85 
1.60 
1.70 
1.50 
1.60 
1.90 
2.00 
1.80 
1.70 
1.60 
1.55 
1.60 
1.46 
1.45 
1.40 
1.46 
1.46 


July. 

Aug. 

Sept. 

Oct. 
0.50 

Nov. 

1.46 

2.00 

1.20 

0.70 

1.45 

1.80 

1.10 

.50 

.70 

1.40 

1.60 

1.30 

.60 

.70 

1.40 

1.50 

1.60 

.50 

.65 

1.45 

1.45 

1.30 

.46 

.80 

1.50 

1.40 

1.20 

.46 

1.05 

1.60 

1.60 

1.10 

.45 

1.15 

2.40 

1.50 

1.00 

.45 

1.10 

2.30 

1.60 

.90 

.46 

1.00 

2.06 

1.70 

.85 

.45 

.95 

2.50 

1.70 

.80 

.40 

.85 

2.70 

2.00 

.80 

.40 

.85 

2.50 

2.60 

.76 

.46 

.85 

2.00 

2.30 

.75 

.46 

.85 

1.80 

2.00 

.80 

1.46 

.80 

1.70 

1.80 

.85 

1.65 

.75 

1.80 

1.60 

.85 

1.40 

.70 

1.96 

1.60 

.80 

1.36 

.70 

2.00 

1.90 

.80 

1.20 

.70 

3.00 

2.60 

.76 

1.00 

.66 

5. 20     2. 00 

.76 

.90 

.66 

6. 40     1. 70 

.70 

.86 

.65 

8.00     1.60 

.70 

.80 

.66 

6. 20     1. 70 

.70 

.70 

.65 

4. 60     1. 76 

.66 

.80 

.65 

4. 00     1. 60 

.65 

.76 

.66 

3. 00     1. 60 

.60 

.60 

.66 

2. 60     1. 60 

.66 

.65 

.66 

2.6a    1.40 

.66 

.80 

.70 

3.00 

1.35 

.66 

.75 

.76 

2.60 

1.30 

.70 

X^OC« 


o.ao 

.90 
.95 
1.20 
2.60 
3.00 
2.90 
2.40 
2.16 
2.00 
1-70 

i.eo 

1.60 
2.00 
2.60 
3.00 
3.30 
3.16 
2.65 
2.10 
2.20 
2.8U 
4.20 
4.85 
4.06 
4.66 
3.85 
3.20 
2.06 
2.86 
2.50 


Daily  gage  height,  in  feet,  of  Coosa  Biver  at  Lock  No,  4,  Alabama,  for  1897, 


Day. 

Jan. 

Feb. 

2.0 
2.8 
6.2 
8.8 
9.3 
9.7 
10.2 
9.2 
7.6 
6.7 
6.8 
8.6 
9.7 
9.7 
9.0 
8.0 
6.6 
6.0 
5.0 
4.6 
5.2 
5.8 
7.2 
9.6 
10.1 
10.2 
9.3 
7.6 

Mar. 

6.8 

4.9 

4.4 

4.4 

6.6 

6.6 

13.0 

14.8 

16.1 

14.6 

14.6 

16.0 

16.6 

15.9 

17.0 

16.8 

17.0 

17.0 

16.9 

17.9 

17.1 

16.9 

16.7 

15.6 

13.8 

11.8 

10.0 

7.6 

6.3 

6.6 

6.2 

Apr. 

May. 

8.4 
3.3 
8.9 
4.6 
3.4 
3.2 
3.0 
2.9 
2.8 
2.7 
2.6 
2.6 
3.0 
3.5 
4.5 
4.5 
4.7 
4.6 
3.6 
3.0 
2.7 
2.6 
2.4 
2.3 
2.2 
2.2 
2.1 
1.9 
1.9 
1.8 
1.8 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2 

0.8 

.8 

.8 

1.0 

.9 

.9 

.9 

1.0 

1.2 

1.2 

1.0 

.0 

.8 

1.0 

2.3 

4.3 

6.7 

6.2 

6.0 

6.6 

7.6 

8.2 

8.7 

8.3 

6.6 

4.8 

3.9 

3.4 

2.9 

2.6 

2.4 

6.1 

6.6 

7.6 

8.2 

9.9 

11.0 

12.0 

12.7 

13.8 

13.7 

12.8 

10.0 

8.6 

7.5 

6.7 

6.4 

6.4 

6.2 

6.0 

5.2 

4.8 

4.0 

4.2 

4.0 

3.8 

3.6 

3.6 

3.6 

3.4 

8.7 

1.9 
1.9 
1.9 
2.1 
2.1 
2.4 
2.3 
2.0 
1.8 
1.7 
1.6 
1.7 
1.7 
1.6 
1.5 
1.4 
1.3 
1.4 
1.8 
2.4 
1.8 
1.6 
1.3 
1.3 
1.4 
1.2 
1.1 
1.1 
1.3 
1.3 
•  •••••  • 

1.1 
1.1 
1.4 
1.3 
1.2 
1.3 
1.8 
2.6 
2.1 
2.4 
2.6 
3.0 
2.2 
2.2 
2.2 
1.6 
1.6 
1.9 
3.8 
5.6 
6.0 
7.5 
8.9 
7.4 
6.3 
3.9 
2.9 
2.4 
8.0 
2.9 
2.4 

1.9 

1.6 

1.5 

1.3 

1.2 

1.4 

1.8 

1.2 

1.5 

2.0 

2.1 

2.1 

2.6 

2.1 

1.8 

1.6 

1.3 

1.5 

1.6 

2.0 

2.4 

1.6 

1.6  I 

1.4  ' 

1.6  1 

1.6 

1.6 

}:!, 

0.8 
.7 
.7 
.8 

1.0 
.8 
.7 
.6 
.5 
.4 
.4 
.4 
.4 
.4 
.4 
.3 
.3 
.3 
.3 
.3 
.2 
.2 

0.1 
.1 
.1 
.1 
.0 
.0 

—  .1 
-.2 

—  .2 

—  .2 
.0 
.0 
.0 
.0 

1.0 
1.6 
1.2 
.7 
.6 
.4 
.3 
.3 
.4 
.4 
.4 
.6 
.6 
.4 
.8 
.3 
.8 

0.3 
.4 
.3 
.8 
.3 
.9 
.9 
.8 
.7 
.6 
.5 
.4 
.4 
.4 
.4 
.4 
.3 
.3 
.3 
.8 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.8 
.4 
.4 

0.4 

.6 

.0 
1.2 
1.6 
2.6 

"iVi" 

3.1 
2.4 
2.0 
1.4 
1.1 
1.6 
1.8 
2.6 
3.4 
3.8 
2.8 
2.6 
2.1 
3.1 
4.8 
6.7 
5.7 
5.3 
4.4 
8.7 
S.8 
3.0 
2.0 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

80 

31 

GULF   OF   MEXICO   WATEB8HED. 
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Daily  gage  height,  in  feet,  of  Cooaa  River  at  Look  No,  5,  Alabama,  for  1897. 


Bfty. 

Jan. 

Feb. 

0.9 

Mar. 

Apr. 

Hay. 

Jane. 

July. 

Aug. 

Sept. 

Oct.      Nov. 

Dec. 
—0.1 

1 

0.2 

4.6 

2.9 

1.7 

0,7 

0.3 

0.8 

0.2 

—0 

.3     — 0. 

2 

.2 

1.2 

3.6 

3.2 

1.6 

.7 

.8 

.6 

.1 

.^ 

.3     —  . 

.1 

3 

.2 

3.1 

2.2 

4.5 

1.9 

.7 

.3 

.5 

.1 

— - 

.3     —  . 

.2 

4 

.2 

5.2 

2.9 

5.2 

2.0 

.8 

.5 

.6 

.4 

— _ 

.3     —  . 

.4 

6 

.2 

5.8 

8.1 

6.8 

1.9 

.8 

•  m 

.4 

.4 

__ 

.3     —  . 

.6 

6 

.2 

5.8 

3.7 

7.6 

1.5 

1.0 

■     V 

.4 

.2 

^ 

.3  '  +  . 

1.0 

7 

.2 

7.1 

9.4 

8.5 

1.4 

1.0 

•  V 

.8 

.1 

— _ 

.3 

1.5 

8 

.8 

6.0 

11.1 

9.0 

1.3 

.8 

1.1 

.4 

.0 

— 

.3 

1.5 

9 

.4 

4.7 

11.2 

10.0 

1.3 

.7 

•  V 

.6 

.0 

_ 

.3 

1.4 

10 

.4 

4.0 

10.6 

9.9 

1.2 

.6 

•  V 

.8 

—  .1 

__ 

.3 

1.0 

11 

.8 

3.6 

10.8 

8.9 

1.1 

.6 

1.1 

.9 

—  .1 

^— 

.3 

.8 

12 

.8 

5.4 

11.2 

7.8 

l.l 

.6 

1.4 

.8 

—  .1 

^_ 

3 

.6 

13 

.2 

6.4 

12.2 

6.6 

1.3 

.6 

1.0 

1.1 

.1 

__ 

3 

.5 

14 

.2 

6.4 

12.4 

4.4 

1.6 

.6 

A 

■  V 

.9 

—  .1 

^ 

.3     —  . 

2 

.7 

15 

.0 

6.8 

13.1 

4.0 

2.2 

.6 

•  V 

.7 

—  .1 

+ 

.1       -  . 

2 

.8 

16 

.9 

5.0 

13.0 

3.9 

2.3 

.5 

t  I 

.6 

—  .1 

5     —  . 

2 

1.1 

17 

2.8 

3.0 

12.9 

3.8 

2.5 

.6 

•    ■ 

.5 

—  .1 

.3     —  . 

2 

1.5 

18 

3.5 

3.1 

12.7 

3.4 

2.8 

.5 

•    1 

.6 

—  .2 

2     —  . 

2 

1.7 

19 

3.3 

2.6 

12.6 

3.0 

1.8 

.5 

1.6 

.9 

—  .3 

1     —  ■ 

2 

1.2 

20 

3.0 

2.3 

13.2 

2.8 

1.8 

1.0 

3.0 

1.3 

.3 

—  , 

X     ^—  . 

2 

.0 

21 

4.4 

2.4 

12.8 

2.4 

1.2 

•    f 

8.3 

1.0 

—  .3 

— 

1     —  , 

2 

.8 

22 

6.1 

2.5 

12.6 

2.3 

1.1 

■  " 

4.6 

.8 

.3 

—  . 

\     _—  , 

2 

.8 

23 

5.3 

4.1 

12.6 

2.2 

1.1 

•  V 

5.9 

.6 

—  .3 

__  , 

1     '~~  • 

2 

2.4 

24 

5.1 

6.0 

11.7 

2.0 

1.0 

•  4 

4.5 

.5 

—  .3 

+  . 

2 

3.5 

25 

8.8 

7.3 

10.8 

1.9 

.9 

•  w 

8.0 

.5 

—  .3 

2 

3.5 

26 

2.5 

7.3 

a7 

1.8 

.9 

•  V 

2.0 

.5 

—  .3 

\     .^  , 

2 

2.8 

27 

1.9 

6.1 

6.8 

1.7 

.8 

•  V 

1.4 

.5 

—  .3 

\     —  , 

2 

2.3 

28 

1.5 

6.1 

4.7 

1.7 

.7 

•  V 

1.0 

.4 

—  .8 

•  1     ^~~  ■ 

1 

1.6 

29 

1.3 

3.7 

1.6 

.7 

•  4 

1.3 

.4 

—  .3 

—  , 

1 

1.5 

30 

1.2 

3.3 

1.7 

.7 

•  9 

1.5 

.3 

—  .3 

X       .... 

•  «  ■ 

1.4 

•^l 

1.0 

3.0 

.7 

« 

1.0 

.2 

— 

1    .... 

... 

1.2 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


WETUMPKA  STATION  ON  COOSA  BIVEB. 

This  station  is  located  at  gage  No.  1,  3  miles  above  Wetnmpka.  Ala- 
bama. The  vertical  rod  is  iu  two  sections  of  2  by  8  timbers.  Bod  1  is 
attached  to  a  crib  on  right  bank  at  foot  of  old  sawmill  slide.  Bod  2  is 
attached  to  a  tree  on  right  bank  about  150  feet  upstream  from  rod  1. 
Zero  of  gage  is  172.40  feet  above  mean  low  tide  at  Mobile,  Alabama. 
The  bench  mark  is  on  a  black  walnut  tree  on  right  bank  about  250  feet 
upstream  from  gage  rod  No.  2:  elevation,  213.88  feet,  Mobile  datum. 
It  was  established  November  5, 1889,  by  the  United  States  Engineer 
Corps,  who  have  maintained  daily  gage  readings  since  that  date.  A 
copy  of  these  readings  has  kindly  been  furnished  by  Gapt.  Philip  M. 
Price,  U.  S.  A.,  and  are  on  iile  in  this  office.  The  following  discharge 
measurements  were  made  by  Charles  Firth,  United  States  assistant 
engineer.  They  were  begun  in  December,  1890,  and  continued  through 
the  high  water  of  February  and  March,  1891 : 


Measure- 
ment. 

Gaf[e 
height. 

Dis- 
charge. 

Meanaro- 
ment. 

Gage 
height. 

Dis- 
charge. 

Moasare- 
inent. 

Gage 
height. 

Dis- 
charge. 

Feet 

8ee.ft. 

Feet. 

Sec/t. 

Feet. 

See./t. 

No.  1.... 

2.2 

8,033 

No.  16... 

9.5 

38,116 

No.  31... 

18.6 

73,380 

2.... 

2.5 

8,598 

17... 

10.0 

38,414 

32... 

19.5 

79,  Oil 

3.... 

3.2 

10, 126 

18... 

10.7 

47,530 

33... 

20.0' 

a5, 549 

4.... 

4.7 

15,426 

19... 

10.8 

43,608 

34... 

21.0 

73,159 

5.... 

4.9 

16,569 

20... 

11.0 

46,347 

35... 

21.7 

85,794 

6.... 

5.5 

18,835 

21... 

11.2 

47,923 

36... 

22.0 

80,182 

7.... 

6.1 

21,750 

22... 

12.6 

53,690 

37... 

23.0 

84,688 

8.... 

6.2 

22,243 

23... 

13.2 

52,104 

38... 

23.4 

109,041 

9...- 

6.6 

25,198 

24... 

13.4 

58, 414 

39... 

25.4 

93,876 

10.... 

6.7 

24,168 

25... 

13.8 

56,357 

40... 

^.4 

94,213 

11.-.. 

7.3 

26,638 

26... 

14.2 

65,439 

41... 

27.0 

103,255 

12.... 

7.7 

29,210 

27... 

15.0 

56,864 

42... 

27.3 

118,407 

13.... 

8.2 

31,620 

28... 

16.5 

67,276 

43... 

28.5 

126,313 

14.... 

8.5 

32, 174 

29... 

17.2 

72,907 

15.... 

9.2 

36,722 

30... 

17.7 

70,793 

» 

A  rating  table  ha«  been  made  based  on  these  measnrements,  but  it 
will  not  be  applied  to  the  gage  heights  for  1896  and  1897  until  it  can 
be  verified  by  future  discharge  measurements. 
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Daily  gage  height,  in  feet,  of  Coosa  Biter  at  Wetumjtka,  Alabama,  for  1896, 


Day. 

Jan. 

3.2 
8.6 
3.7 
8.6 
3.4 
2.9 
1.5 
2.8 
2.8 
2.5 
2.2 
2.2 
2.4 
2.6 
2.2 
2.6 
4.0 
4.0 
3.8 
4.0 
3.9 
7.6 
11.6 
9.7 
9.4 
9.3 
9.1 
8.7 
7.6 
6.2 
5.2 

Feb. 

4.4 

4.0 

3.8 

8.6 

4.6 

7.3 

9.8 

12.2 

15.2 

15.1 

14.0 

12.2 

11.7 

9.9 

8.7 

7.4 

7.2 

6.9 

6.7 

5.6 

5.0 

4.5 

4.2 

3.4 

3.4 

3.4 

3.4 

8.4 

Mar. 

3.4 
3.4 
3.4 
3.2 
3.1 
3.0 
5.0 
4.9 
4.2 
4.0 
4.4 
6.1 
6.9 
6.7 
5.2 
5.8 
5.0 
4.8 
6.4 
7.3 
7.8 
7.5 
7.2 
7.0 
6.3 
5.6 
5.0 
4.7 
4.4 
4.0 
3.9 

Apr. 

3.7 
4.4 
4.9 
6.1 
7.5 
7.0 
6.5 
5.8 
4.6 
4.1 
3.7 
3.5 
3.3 
3.3 
3.1 
3.0 
2.9 
2.7 
2.4 
2.4 
2.4 
2.3 
2.2 
2.0 
2.1 
2.2 
2.2 
2.6 
3.0 
4.3 

May. 

June. 

1 

4.8 
4.9 
5.3 
4.1 
5.0 
3.6 
3.6 
3.3 
3.0 
2.5 
2.4 
2.1 
2.0 
1.8 
2.9 
2.3 
1.8 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.4 
1.4 
1.4 
1.4 
3.6 
2.6 
1.8 

1.6 
1.5 
1.8 
2.2 
2.0 
1.8 
2.2 
2.0 
2.5 
3.5 
3.4 
3.0 
2.5 
2.0 
1.6 
1.6 
1.6 
1.5 
1.5 
1.8 
1.5 
2.0 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

2.0  > 
1.8 

25 

26 

1.5 
1.4 
1.4 
1.1 
1.0 
1.0 

27 

28 

29 

30 

31 

July. 

Aug. 

Sept. 

Cot. 

1.0 

1.2 

0.8 

—0.1 

.0 

1.2 

.6 

—.2 

.8 

1.2 

.5 

—.3 

.8 

1.0 

.5 

2.4 

.9 

1.2 

.4 

2.1 

1.0 

1.4 

.3 

2.0 

1.3 

1.4 

.2 

1.4 

1.6 

1.3 

.0 

.8 

1.7 

L2 

.0 

.5 

4.3 

1.0 

.0 

.2 

6.2 

.8 

.0 

.1 

6.2 

.8 

.0 

.1 

5.9 

.6 

—.1 

.0 

4.4 

.6 

—.1 

.0 

3.8 

.6 

—  1 

.0 

3.0 

.5 

—.2 

.0 

3.7 

.6 

—.2 

.1 

3.6 

.7 

.2 

.0 

8.0 

.6 

—.2 

.0 

2.7 

.5 

—.2 

.0 

3.4 

.5 

—.3 

.0 

3.1 

.4 

—.8 

.0 

8.4 

.4 

1.9 

.1 

2.7 

.4 

1.4 

.3 

2.1 

.8 

.5 

.2 

1.9 

.6 

.2 

.1 

1.8 

.5 

.0 

.0 

1.8 

.4 

.0 

.0 

1.8 

.4 

—.1 

.2 

1.6 

.4 

.1 

.1 

1.4 

.6 

.3 

Nov. 


0.4 

.2 

.4 

.6 

1.0 

1.2 

.5 

.5 

.4 

2.2 

1.7 

1.0 

4.9 

2.6 

2.6 

2.0 

3.9 

4.5 

3.6 

3.0 

2.0 

1.8 

1.2 

1.1 

1.0 

.0 

.8 

.8 

1.0 

1.0 


Dec. 


1.2 
1.6 
2.9 
3.5 
4.1 
3.3 
2.6 
2.1 
2.0 
2.0 
1.8 
1.6 
1.4 
1.4 
1.6 
1.7 
1.5 
1.3 
1.2 
1.4 
1.4 
1.4 
1.3 
1.2 
1.1 
1.1 
1.0 
.9 
.9 
.9 
.8 


Daily  gage  height,  infect,  of  Coosa  Biver  at  Wetumpka,  Alabama,  for  1897 


Day. 

Jan. 

0.8 

.8 

.8 

.9 

.9 

.9 

.9 

.9 

1.1 

1.0 

1.0 

.9 

.9 

.9 

.9 

.9 

1.7 

4.9 

5.4 

5.4 

8.1 

7.3 

7.3 

7.2 

6.2 

5.6 

4.  L 

3.5 

3.0 

2.7 

2.5 

1 
Feb.    Mar. 

Apr. 

May. 

Juno. 

July. 

Aug. 

1.6 
1.5 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.6 
1.8 
1.0 
2.0 
2.0 
2.2 
1.8 
1.8 
2.0 
2.3 
2.6 
2.9 
3.0 
3.6 
3.0 
2.4 
1.8 
1.4 
1.4 
1.4 
1.3 
1.3 
1.1 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.4 
2.4 
4.5 
6.0 
7.2 
7.9 
8.6 
9.1 
7.9 
6.8 
6.3 
9.3 
9.0 
9.6 
7.3 
6.9 
6.2 
5.9 
5.3 
5.3 
5.0 
4.7 
6.2 
7.3 
8.6 
8.6 
8.2 
7.9 

6.0 

5.5 

5.5 

5.2 

4.7 

7.9 

13.8 

16.7 

18.1 

16.3 

15.7 

14.9 

17.8 

21.4 

21.9 

21.9 

20.7 

19.1 

18.7 

17.4 

19.3 

18.4 

20.7 

19.4 

18.7 

17.5 

15.3 

10.7 

7.0 

6.5 

5.5 

5.8 
0.8 
7.0 
6.8 
7.0 
9.3 
10.  0 
10.3 
11.5 
12.7 
12.3 
10.8 
9.0 
7.9 
6.7 
7.0 
6.3 
5.8 
5.4 
5.0 
4.6 
4.5 
4.0 
4.0 
4.0 
3.8 
3.6 
8.4 
8.4 
3.7 

4.2 
3.6 
3.6 
3.6 
3.5 
3.4 
3.4 
3.0 
2.8 
2.8 
2.6 
2.5 
2.6 
2.8 
3.0 
6.6 
6.9 
6.9 
6.8 
6.0 
5.3 
4.6 
2.0 
2.0 
1.8 
1.8 
1.8 
1.7 
1.7 
1.7 
1.7 

1.7 
1.7 
1.6 
1.0 
1.6 
1.7 
1.7 
1.6 
1.6 
1.6 
1.5 
1.5 
1.4 
1.4 
1.2 
1.2 
1.0 
1.4 
1.2 
1.7 
1.8 
2.0 
1.8 
1.6 
1.4 
1.2 
1.0 
1.0 
.8 
.8 

0.8 
.9 
1.1 
1.8 
1.5 
1.5 
1.7 
2.0 
2.1 
2.4 
2.2 
2.0 
1.8 
1.8 
1.8 
1.8 
1.7 
1.8 
2.0 
2.4 
4.0 
4.8 
6.0 
7.1 
5.6 
4.6 
3.7 
2.9 
2.2 
1.8 
L.O 

1.0 
.7 
.7 
.9 
.8 
.8 
.8 
.8 
.7 
.7 
.7 
.5 
.5 
.4 
.3 
.3 
.3 
.3 
.2 
.2 
.2 
.2 
.2 
.1 
.1 
.1 
.0 
.0 
—.1 
—.1 

0.2 
.2 
.2 
.2 
.2 
.2 
.3 
.3 
.3 
.4 
.4 
.4 
.4 
.4 
1.0 
1.0 
1.2 
1.0 
.6 
.4 
.4 
.2 
.0 
.0 
.0 
.2 
.2 
.4 
.4 
.3 
.3 

0.3 
.3 

•  % 

•  » 

•  4 

•  X 

•  X 

'.b 
.3 
.2 
.1 
.0 
.0 
.2 
.2 
.2 
.3 
.3 
.2 
.2 
.3 
.3 
.3 
.3 
.3 
.2 
.2 
.2 

0.2 
.3 
.4 
.8 
1.0 
2.0 
2.3 
2.5 
2.7 
2.6 
2.6 
2.7 
3.1 
3.5 
3.8 
3.6 
3.0 
2.0 
2.5 
2.3 
2.0 
2.0 
2.4 
2.9 
4.1 
4.0 
4.0 
4.  L 
4.0 
3.7 
3.4 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
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OPERATIONS  AT  RIVfiB  STATIONS,  1897. 


MILSTEAD  STATION  ON  TALLAPOOSA  RIVER. 


This  station  is  located  on  the  bridge  of  the  Tallassee  and  Mont- 
gomery Eailroad,  abont  one-qnarter  of  a  mile  from  Milstead,  Alabama. 
The  bridge  is  of  iron,  two  spans  of  about  155  feet  each,  with  short 
wood  trestles  at  each  end.  The  banks  are  high  and  overflow  only  at 
very  high  stages.  The  initial  point  for  measurement  is  the  end  of  iron 
bridge,  left  bank  downstream  side.  The  rod  of  wire  gage  is  fastened 
to  outside  of  guard  rail  on  downstream  side  of  bridge.  Its  zero  is  45 
feet  from  initial  point  and  is  5  feet  from  center  of  pulley.  The  bench 
mark  is  top  of  second  crossbeam  from  left  bank  pier,  downstream  end, 
and  is  60.00  feet  above  datum.  Center  of  pulley  is  60.60  feet  above 
datum.    The  observer  is  Seth  Johnson. 

The  following  discharge  measurements  were  made  during  1897  by 
Max  Hall: 

May  3,  gage  height,  6.20  feet;  discharge,  7,333  second-feet. 
Jaly  15,  gage  height,  1.95  feet;  discharge,  1,692  second-feet. 
August  7,  gage  height,  2.42  feet;  discharge,  2,292  second-feet. 
September  4,  gage  height,  1.60  feet;  discharge,  1,271  second-feet. 
November  23,  gage  height,  1.20  feet;  discharge,  677  second-feet. 
December  16,  gage  height,  3.58  feet;  discharge,  4,210  second-feet. 

Daily  gage  height,  in  feet,  of  Tallapoosa  Eiver  at  Milstead,  Alabama,  from  August  to 

December,  1897, 


Day. 

Aug. 

Sept. 

1.70 
1.80 
1.60 
1.60 
1.60 
1.40 
1.40 
1.30 
1.20 
1.20 
1.10 
1.10 
1.10 
1.10 
1.40 
1.20 

Oct. 

Nov. 

Deo. 

Day. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

2.80 
2.40 
2.10 
2.00 
1.90 
2.00 
2.40 
2.40 
2.40 
2.80 
2.00 
2.50 
2.30 
2.20 
2.40 

L  . 

1 

...... 

0.80 
.80 

".80 
.70 
.70 
.70 
.70 
.60 
.70 
.70 
.70 
.70 
.70 
.80 
.80 
.80 

0.90 
1.00 
I.IO 
1.10 
1.10 
1.10 
1.10 
1.10 
1.20 
1.20 
1.30 
1.30 
1.30 
1.80 
1.20 
1.20 

1.50 

1.50 

1.50 

1.60 

1.80 

2.00 

2.10 

2.00 

1.90 

1.90 

1.90 

2.00  ' 

1.90 

5.50 

4.70 

3.60 

17 

1.90 
2.20 
2.80 
9.70 
7.40 
8.50 
5.30 
3.40 
2.00 
2.80 
2.30 
2.00 
1.80 
1.70 
1.70 

1.10 

1.00 

1.10 

1.10 

1.10 

l.CO 

1.00 

1.00 

1.00 

1.00 

1.00 

.90 

.90 

.80 

0.80 
.90 
.90 
.90 
.80 
.80 
.90 
.90 
.80 
.90 
.90 
.90 
.90 
.90 
.90 

1.20 
1.20 
1.20 
1.10 
1.20 
1.10 
1.10 
1.20 
1.20 
1.20 
1.20 
1.60 
1.50 
1.50 

2 

18 

'6 

19 

\.fr   ........... 

4 

20 

5 

21 

6 

22 

7 

2.45 
1.90 
1.70 
1.60 
1.50 
2.70 
2.20 
2.00 
1.80 
1.60 

23 

8 

24 

9 

25 

10 

26 

11 

27 

12 

28 

13 

29 

14 

30 

15 

31 

16 
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TUSCALOOSA  STATION  ON  BLACK  WABBIOB  BIYEB. 

This  Station,  as  described  in  the  Eighteenth  Annual  Eeport,  Part  lY, 
page  103,  is  located  about  three-fourths  of  a  mile  from  the  business 
center  of  Tuscaloosa,  Alabama,  and  is  reached  by  passing  down  Bridge 
street  to  the  river,  thence  down  the  east  bank  1,800  feet  to  the  gage, 
which  consists  of  an  inclined  timber,  2  by  6  inches,  supported  on  posts 
and  graduated  by  means  of  notches  placed  1  foot  vertically  apart. 
The  observer  is  W.  S.  Wyman,  jr.,  Tuscaloosa,  Alabama.  The  bench 
marks  are  fixed,  one  on  a  willow  10  feet  west  of  gage,  97.84  feet  above 
Mobile  datum,  the  other  on  a  small  hackberry  30  feet  south  of  the  upper 
end  of  the  gage  and  139.36  feet  above  Mobile  datum.  Zero  of  gage 
is  87.30  feet  above  same  datum.  The  current  here  is  rather  sluggish, 
being  almost  imperceptible  at  low  stages.  Both  banks  are  of  earth 
and  subject  to  overflow.  The  bed  of  the  stream  is  composed  of  sand 
and  gravel.      The  following  discharge  measurement  was  made  by 

B.  M.  Hall  in  1897 : 

January  12,  gage  height,  1.70  feet;  discharge,  829  socond-feet. 

Daily  gage  heightf  infeeiy  of  Black  Warrior  Biver  at  Tuscaloosay  Alabama^  for  1897, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 
1.83 

July. 

Aug. 

Sept. 

Oct. 

Nov. 
—1.39 

Dec. 

-1.28 

1 

0.84 

8.90 

11.14 

13.90 

9.51 

—0.15 

1.36 

0.60 

—1.65 

2 

.47 

6.00 

9.57 

15.28 

9.96 

1.76 

-  .18 

1.08 

.96 

—1.71 

—1.30 

-1.12 

3 

.40 

11.50 

8.68 

22.20 

9.22 

1.70 

.20 

.87 

1.02 

—1.72 

—1.29 

-  .48 

4 

.00 

12.60 

8.72 

21.11 

7.66 

2.01 

-  .18 

.62 

.92 

-1.75 

-1.31 

+1.29 

5 

1.24 

11.70 

10.14 

22.00 

6.23 

1.98 

—  .05 

.50 

.76 

—1.79 

—1.33 

13.10 

6 

l.U 

12.37 

16.33 

26.95 

6.86 

2.65 

1.63 

.40 

.62 

—1.86 

-1.28 

14. 24 

7 

1.40 

16.24 

51.42 

25.82 

4.67 

3.44 

3.40 

.25 

.51 

—1.79 

-1.27 

10.72 

8 

2.60 

18.70 

54.77 

22.10 

4.20 

2.87 

3.90 

.24 

.47 

—1.85 

-1.27 

7.39 

9 

2.66 

21.04 

51.59 

21.30 

3.87 

2.25 

3.71 

1.10 

.42 

-1.88 

-1.17 

5.12 

10 

2.30 

19.80 

44.60 

29.27 

3.50 

1.85 

3.05 

2.10 

.36 

1.90 

1.13 

3.72 

11 

2.03 

17.90 

40.64 

29.57 

3.20 

1.60 

2.53 

3.26 

.29 

—1.90 

—1.10 

3.05 

12 

1.76 

23.  i2 

42.53 

25.48 

3.64 

1.89 

2.42 

3.22 

.23 

—1.88 

—l.U 

2.70 

13 

1.52 

25.90 

48.70 

21.60 

11.40 

1.24 

2.16 

2.73 

.14 

—1.89 

—1.17 

2.56 

14 

1.33 

23.84 

60.96 

18.10 

20.86 

1.11 

1.86 

2.27 

.11 

1.92 

—1.25 

3.05 

16 

1.23 

20.30 

48.67 

16.32 

20.46 

.95 

1.46 

1.63 

.10 

—1.92 

—1.25 

3.54 

16 

8.23 

16.96 

45.20 

18.43 

16.59 

.86 

1.16 

1.28 

.06 

1.92 

1.27 

4.12 

17 

9.70 

14.04 

47.21 

18.33 

12.68 

.75 

.97 

1.00 

.01 

—1.90 

—1.33 

4.10 

18 

13.10 

11.72 

46.72 

1.5.92 

9.77 

.63 

1.50 

.73 

—  .05 

—1.90 

—1.35 

3.78 

19 

19.  .35 

9.97 

42.00 

13.66 

7.73 

1.30 

3.50 

.52 

—  .36 

—1.90 

—1.36 

3.50 

20 

18.70 

8.77 

42.67 

11.86 

6.35 

1.45 

12.50 

1.53 

-  .75 

—1.88 

—1.36 

3.82 

21 

17.43 

8.08 

44.54 

10.45 

5.37 

1.11 

1  14.50 

1.78 

-.95 

1.88 

-1.36 

0.70 

22 

18.64 

8.32 

41.50 

9.24 

4.66 

.80 

11.30 

1.58 

1.07 

-1.77 

1.37 

19.58 

23 

16.52 

11.00 

37.70 

8.15 

4.13 

.55 

8.42 

1.33 

—1.17 

—1.64 

—1.42 

31.00 

24 

13.80 

20.20 

35.66 

7.37 

3.70 

.33 

6.64 

1.08 

—1.26 

—1.58 

-1.44 

29.96 

25 

10.60 

21.24 

32.40 

6.80 

3.45 

.23 

4.77 

1.27 

1.24 

—1.63 

-1. 40 

24.08 

26 

8.60 

18.97 

28.86 

6.37 

3.13 

.16 

3.46 

.97 

1.36 

—1.63 

-1.36 

18.97 

27 

7.20 

16.18 

25.60 

5.90 

2.90 

.12 

2.72 

.80 

—1.41 

1.61 

-1.36 

15.67 

28 

6.00 

13.81 

23.16 

5.49 

2.60 

.03 

2.02 

.61 

-1.44 

—1.64 

—1.28 

13.10 

29 

6.10 

20.33 

5.10 

2.28 

.00 

2.15 

.54 

—1.50 

-1.61 

—1.22 

11.00 

30 

4.42 

17.62 

6.90 

2.09 

—  .08 

1.80 

.46 

—1.56 

—1.63 

-1.24 

9.38 

31 

8.80 

14.98 



1 

2.00 

1.62 

.31 

1.03 

8.00 
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ALDERSON  STATION  ON  OBESNBBIBR  RIYER. 

This  station  is  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  111.  It  is  located  one-half  mile  above  the  mouth  of  Muddy  Greek, 
on  the  county  bridge  at  Alderson,  West  Virginia.  The  wire  gage  is 
in  the  third  panel  of  the  second  span,  lower  side.  The  distance  from 
the  end  of  the  weight  to  the  marker  is  28.37  feet.  The  distance  from  the 
zero  of  the  gage  to  the  top  of  the  lower  end  of  the  third  floor  beam, 
second  span,  from  the  left  bank,  is  22.47  feet.  Bench  marks:  Upper 
end  of  coping  of  the  first  pier  from  left  bank  21.75  feet  above  the  zero  of 
the  gage;  upper  end  of  the  bridge  seat  of  the  left  bank  abutment  21.61 
feet  above  the  zero  of  the  gage;  stone  foundation  of  the  water  tank  of 
the  Ohesapeake  and  Ohio  Eailway  23.48  feet  above  the  zero  of  the 
gage.  The  observer  is  W.  J.  Hancock,  clerk  in  the  store  of  George 
Graves.  The  following  me^urements  of  discharge  were  made  by 
Prof.  D.  0.  Humphreys  and  F.  H.  Anschutz  in  1897 : 

March  30,  gage  height,  2.75  feet;  discharge,  1,639  second-feet. 
*  May  3,  gage  height,  4.88  feet;  discharge,  6,181  second-feet. 
May  if  gage  height,  4.29  feet;  discbarge,  4,963  second- feet. 
May  4,  gage  height,  4.38  feet;  discharge,  5,450  second  feet. 
May  6,  gage  height,  3.56  feet;  discharge,  3,158  second-feet. 
May  13,  gage  height,  12.30  feet ;  discharge,  32,563  second-feet. 
May  14,  gage  height,  12.33  feet;  discharge,  33,034  second-feet. 
May  14,  gage  height,  9.53  feet;  discharge,  20,722  second-feet. 
May  31,  gage  height,  2.26  feet;  discharge,  681  second  feet. 
Octoher  12,  gage  height,  1.42  feet;  discharge,  71  second-feet. 


Daily  gage  height,  infect,  of  Greenbrier  Biverat  Aldereon,  West  Virginia,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

3.C5 
2.90 
2.80 
2.75 
3.13 
3.15 
3.42 
3.80 
3.50 
3.60 
4.85 
4.52 
4.65 
4.40 
6.10 
5.12 
4.10 
3.80 
6.00 
6.75 
6.15 
4.15 
3.95 
3.55 
3.45 
3.25 
3.07 
2.05 
2.88 
2.82 
2.80 

Apr. 

2.77 
2.75 
2.67 
2.63 
2.78 
4.83 
4.18 
3.65 
3.50 
4.78 
4.50 
4.00 
3.50 
3.20 
3.05 
3.00 
2.95 
2.95 
2.82 
2.75 
2.68 
2.58 
2.50 
2.45 
2.35 
2.35 
2.35 
2.28 
2.25 
2.20 

May. 

Jnne. 

July. 

Aug. 

2.35 
2.25 
2.45 
2.45 
2.34 
2.30 
2.18 
2.15 
2.05 
2.00 
2.00 
1.97 
1.91 
1.85 
1.83 
1.83 
1.80 
1.78 
1.76 
1.72 
1.70 
1.67 
1.67 
1.80 
1.73 
1.77 
1.68 
1.68 
1.70 
1.66 
1.64 

Sept. 

Oct. 

1.43 
1.38 
1.40 
1.40 
1.45 
1.44 
1.41 
1.40 
1.40 
1.88 
1.86 
1.40 
1.41 
1.42 
1.43 
1.43 
1.43 
1.37 
1.62 
1.50 
1.52 
1.53 
1.50 
1.50 
1.50 
1.54 
1.52 
1.52 
1.52 
1.48 
1.45 

Nov. 

1.40 
1.52 
1.48 
1.58 
1.55 
1.60 
1.60 
1.66 
1.62 
1.60 
1.60 
1.60 
1.90 
1.63 
1.76 
1.72 
1.74 
1.68 
1.05 
1.67 
1.66 
1.67 
1.67 
1.60 
1.60 
1.67 
1.56 
L55 
1.78 
2.07 

Dec. 

1 

2.00 
1.95 
1.98 
2.00 
2.10 
2.85 
2.80 
2.45 
2. 35 
2.85 
2.35 
2.20 
2.05 
2.00 
1.95 
2.20 
2.20 
2.20 
2.60 
2.65 
2.55 
2.55 
2.60 
2.60 
2.45 
2.50 
2.42 
2.35 
2.25 
2.20 
2.20 

2.22 
2.21 
2.20 
2.05 
2.02 
4.04 
6.62 
5.20 
4.20 
3.55 
3.43 
4.08 
5.40 
5.07 
5.00 
6.10 
5.10 
4.45 
4.48 
4.38 
4.85 
10.08 
16.93 
9.23 
5.80 
4.55 
8.80 
8.35 

2.18 
3.44 
4.80 
4.44 
3.90 
3.60 
3.52 
3.25 
3.03 
2.92 
2.83 
3.16 
8.26 
12.20 
6.01 
4.75 
4.05 
3.55 
8.25 
3.05 
2.90 
2.80 
2.68 
2.58 
2.50 
2.50 
2.42 
2.83 
2.28 
2.28 
2.25 

2.55 
2.65 
2.45 
2.35 
2.50 
2.47 
3.40 
2.28 
2.26 
2.80 
2.23 
2.17 
2.20 
2.23 
2.20 
2.98 
2.65 
2.55 
2.45 
2.90 
2.95 
2.80 
2.65 
2.50 
2.45 
2.48 
2.20 
2.13 
2.05 
2.00 

2.03 
3.40 
4.30 
3.40 
2.87 
3.40 
3.35 
3.2b 
2.93 
2.75 
2.45 
2.70 
2.60 
2.38 
2.28 
2.17 
2.08 
2.00 
2.10 
2.15 
2.34 
4.85 
4.65 
4.00 
4.05 
3.28 
3.46 
3.40 
2.65 
2.67 
2.48 

1.62 
1.58 
1.58 
1.55 
1.50 
1.50 
1.53 
1. 50 
1.48 
1.50 
1.49 
1.48 
1.44 
1.44 
1.43 
1.42 
1.40 
1.40 
1.38 
1.38 
1.40 
1.40 
1.37 
1.37 
1.88 
1.40 
1.85 
1.40 
1.40 
1.40 

2.00 
1.90 
1.85 
1.B5 
2.30 
3.26 
3.17 
2.68 
2.43 
2.25 
2.05 
2.06 
1.98 
1.05 
1.07 
2.87 
3.07 
2.77 
2.60 
2.65 
2.68 
4.30 
3.83 
3.20 
2.85 
2.50 
2.36 
2.43 
2.25 
2.16 
2.16 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

81 

DRAINAGE    BASIN   OF   THE    OHIO   RIVEE. 
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PAYETTE  STATION  ON  NEW  RIVER. 


This  station,  described  in  the  Eighteenth  Annual  Iteport,  Part  lY, 
page  113,  is  located  jast  below  the  mouth  of  Wolf  Creek  on  a  highway 
bridge  of  one  span,  at  Fayette,  West  Virginia.  The  wire  gage  is 
located  on  the  guard  rail,  on  the  upper  side  of  the  bridge  about  the 
middle  of  the  span,  and  the  graduation  is  to  feet  and  tenths.  Bench 
marks:  The  top  of  the  bottom  plate  of  the  lower  X)late  girder,  at  the 
end  of  the  first  panel  from  the  left  bank,  lower  side,  is  55.13  feet  above 
the  zero  of  the  gage;  top  of  .lower  end  of  coping  on  the  main  pier, 
right  bank,  lower  side,  52.13  feet  above  the  zero  of  the  gage;  bridge 
seat,  on  the  right  bank,  lower  side,  54.58  feet  above  the  zero  of  the  gage; 
west  comer  of  abutment  stone,  by  Chesapeake  and  Ohio  Railway  sta- 
tion, 58.62  feet  above  the  zero  of  the  gage.  The  observer  is  M.  W. 
Brellahan,  agent  Chesapeake  and  Ohio  Railway.  The  following  dis- 
charge measurements  were  made  by  Prof.  D.  C.  Humphreys  and  F.  H. 
Anschutz  in  1897 : 

March  31,  gage  height,  5.50  feet;  discharge,  9,587  second^feet. 
May  5,  gage  height,  8.50  feet;  discharge,  15,931  second-feet. 
May  15,  gage  height,  13.98  feet;  discharge,  35,195  second-feet. 
May  31,  gage  height,  3.70  feet;  discharge,  5,145  second-feet. 
October  12,  gage  height,  — 0.18  foot;  discharge,  1,136  second-feet. 
November  5,  gage  height,  1.72  feet;  discharge,  2,616  second-feet. 

I>aily  gage  height,  in  feetf  of  New  River  at  Fayette,  West  Virginia,  f&r  18S7. 


Day. 


I 

2 

3 

4 

5 

6 

7 

% 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Bl 


Jan. 

Feb. 

Mar. 
7.20 

2.80 

3.90 

2.30 

2.05 

6.65 

3.00 

2.20 

0.35 

3.80 

3.05 

6.05 

3.60 

4.30 

6.15 

3.20 

6.50 

6.50 

3.50 

16.72 

7.25 

4.00 

14.10 

7.40 

3.50 

8.60 

7.70 

3.35 

6.03 

12.05 

3.00 

6.40 

16.00 

2.90 

0.20 

11.70 

2.35 

13.70 

14.00 

2.05 

14.70 

15.20 

2.30 

14.00 

17.40 

2.10 

13.25 

16.80 

2.45 

10.10 

15.70 

2.75 

0.90 

13. 00 

8.00 

9.0O 

14.10 

3.45 

9.25 

12.30 

4.00 

20.10 

11.40 

4.50 

26.12 

10.30 

4.70 

27.55 

9.60 

4.00 

23.18 

9.20 

3.80 

18.30 

8.70 

2.90 

11.55 

8.25 

2.30 

8.15 

7.00 

1.95 

7.80 

6.70 

1.60 

6.65 

1.35 

6.40 

1.00 

6.25 

Apr.  \  May. 


6.00 
5.50 
6.05 
5.90 
6.05 
7.10 
9.80 
11.10 
7.80 
8.10 
9.75 
8.50 
8.00 
7.15 
6.45 
6.10 
6.30 
6.05 
5.80 
5.45 
5.15 
4.85 
4.50 
4.20 
4.10 
4.00 
8.85 
3.70 
8.60 
3.50 


4.30 
4.30 
7.80 
9.52 
9.26 
7.48 
6.50 
6.20 
5.25 
6.15 
4.75 
5.05 
6.12 
20.58 
16.10 
11.00 
8.20 
7.50 
6.56 
5.70 
6.35 
5.00 
4.65 
4.10 
4.00 
B.85 
3.30 
3.30 
3.90 
3.78 
3.70 


June. 

Jnly. 

Aug. 

Sept. 

Oct. 

3.25 

2.25 

4.07 

1.20 

0.10 

3.60 

3.15 

3.25 

1.10 

.05 

3.65 

3.55 

2.85 

1.05 

.05 

3.50 

4.52 

2.40 

.95 

.01 

3.33 

4.50 

2.50 

.90 

.00 

3.30 

4.10 

2.90 

.65 

.00 

4.70 

3.73 

2.80 

.50 

.05 

5.00 

4.75 

2.75 

.45 

.10 

5.95 

8.80 

4.60 

.40 

.10 

6.55 

3.50 

4.05 

.36 

.05 

6.22 

3.45 

3.00 

.35 

.00 

5.25 

3.85 

2.50 

.20 

.00 

6.00 

3.50 

2.26 

.00 

.00 

4.60 

3.05 

2.10 

.95 

5.56 

3.55 

2.40 

2.00 

.30 

2.95 

3.40 

1.90 

1.60 

.75 

1.85 

3.80 

2.00 

1.30 

.90 

1.05 

3.50 

2.25 

1.26 

.90 

.90 

3.10 

2.25 

1.35 

.90 

.70 

4.40 

2.45 

1.40 

.50 

.60 

4.85 

2.90 

1.80 

.50 

.45 

5.25 

5.50 

1.90 

.50 

.50 

5.38 

8.10 

1.85 

.00 

4.05 

3.95 

11.48 

1.75 

.50 

2.35 

3.40 

10.00 

1.75 

.50 

1.50 

3.25 

9. 50 

1.86 

.65 

l.IO 

3.08 

8.20 

1.80 

.75 

1.05 

2.57 

7.85 

1.90 

.80 

.95 

2.38 

6.70 

1.90 

.60 

.90 

2.35 

5.30 

1. 00 

.30 

.80 

4.25 

1.35 

1.10 

Nov. 


1.40 

1.55 

1.80 

1.00 

1.75 

2.00 

2.40 

1.50 

1.30 

1.25 

1.20 

1.00 
.80  : 
.70  : 
.70  i 
.70  I 
.60  , 
.55  I 
.45  I 
.40  ! 
.40  • 
.35  > 
.20  i 
.10  i 
.15  i 
.25 
.00 
.05 
.20 
.20 


0.40 
.45 
1.15 
1.25 
1.25 
1.05 
1.10 
3.76 
3.00 
2.95 
1.85 
1.20 
1.15 
1.30 
1.80 
1.70 
1.75 
3.50 
3.40 
3.20 
3.00 
3.40 
6.25 
3.85 
3.10 
3.10 
2.40 
2.40 
1.90 
2.10 
2.00 
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ASHEVILLE  STATION  ON  FBENOH  BROAD  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Eeport,  Part  lY, 
page  ll(i,  is  located  at  the  Bingham  school  iron  high  way  bridge,  3  miles 
west  of  Asheville,  Iforth  Carolina,  and  is  reached  by  electric-car  line. 
It  is  also  3  miles  below  the  mouth  of  Swannanoa  Biver.  The  gage  is  a 
wire  one.  The  zero  of  the  rod  is  opposite  the  east  edge  of-  the  fiftli 
upright,  first  span  from  east,  upper  side.  The  outside  edge  of  the  pul- 
ley is  3  feet  from  the  end  of  the  rod,  and  the  length  of  the  wire  cable 
from  the  end  of  the  weight  to  the  inde^  marker  is  26.03  feet.  When 
the  gage  height  is  3.22  feet  the  water  surface  is  17.18  feet  below  top  of 
the  lower  end  of  the  second  floor  beam,  first  span  from  the  east. 

The  initial  point  for  soundings  is  on  the  right  bank,  at  the  end  of  the 
first  span  of  the  bridge.  Both  banks  may  overflow  in  very  high  water. 
The  current  is  swift  and  the  channel  is  rough  and  rocky,  and  reason- 
ably permanent.  The  observer  is  J.  M.  Taylor,  a  carpenter  of  AsbeviUe, 
Korth  Carolina.  The  following  discharge  measurements  were  made  by 
E.  W.  Myers  and  others  during  1897: 

AnguHt  18,  gage  height,  2.86  feet;  discharge,  882  seoond-feet. 
October  14,  gage  height,  2.84  feet;  discharge,  808  second-feet. 
October  27,  gage  height,  2.50  feet ;  discharge,  734  second-feet. 


Daily  gage  height,  in  feet,  of  French  Broad  Biver  at  Asheville,  North  Carolina,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

2.30 
2.30 
2.30 
2.27 
2.27 

Nov. 

Deo. 

1 

2.80 
2. 75 
2.70 
2.90 
3.25 
3.25 
2.95 
2.93 
2.93 
2.87 
2.85 
2.85 
2.87 
2.90 
2.85 
2.83 
2.95 
3.35 
3.15 
3.60 
4.45 
4.40 
3.65 
3.55 
3.45 
3.35 
3.35 
3.45 
3.43 
3.33 
3.45 

3. 00  3. 90 
3.80  3.80 
4. 00  3. 80 
4.  90  3. 80 
4. 00  3. 70 
7.  90  7. 00 

4.25 

7.10 

3.30 
3.25 
3.90 
3.95 
3.85 
9.40 
3.30 
4.50 
3.80 
3.65 
8.40 
3.30 
3.20 
3.15 
3.05 
8.80 
3.40 
3.55 
3.60 
3.35 
3.35 
3.25 
3.40 
3.55 
3.40 
8.35 
3.30 
3.50 
3.65 
3.45 

8.30 
3.15 
3.05 
3.10 
3.15 
3.25 
3.35 
3.37 
3.37 
3.25 
3.60 
3.40 
3.20 
3.25 
3.30 
3.30 
3.40 
3.35 
3.35 
3.25 
3.40 
3.55 
3.40 
3.35 
3.30 
3.16 
8.20 
3.10 
8.05 
3.00 
2.75 

2.75 
2.80 
2.86 
2.95 
2.95 
3.10 
4.00 
4.00 
3.05 
3.03 
3.00 
2.80 
2.73 
2.70 
2.70 
2.80 
2.85 
2.87 
2.85 
2.92 
2.90 
2.90 
2.85 
2.83 
2.70 
2.70 
2.70 
2.65 
2.50 
2.55 
2.67 

2.65 
2.63 
2.60 

%.m 

2.60 

2.90 
3.85 
3.83 
3.77 
2.95 
2.85 
2.65 
2.66 
2.53 
2.60 
2.47 
2.40 
2.46 
2.46 
2.46 
2.45 
2.43 
2.43 
2.40 
2.37 
2,27 
2.35 
2.33 
2.36 
2.40 
2.60 
2.00 
2.86 
2.83 
2.90 

2.85 
2.85 
2.90 
3.00 
3.00 
2.90 
2.83 
2.77 
2.66 
2.63 
2.60 
2.60 
2.65 
2.45 
2.45 
3.16 
3.15 
8.10 
2.95 
3.00 
3.15 
3.20 
3.25 
3.20 
3.05 
3.25 
3.40 
3.65 
3. 67 
3.50 
3.40 

2 

4. 20  7-  00 

3 

4.15 
5.30 
7.60 
7.30 
6.90 
6.50 
5.40 
5.35 
4.60 

3.90 
5.70 
4.50 
4.30 
4.00 
3.90 
8.85 
3.80 
3.60 

4 

6 

6 

2.55 

2.25 

7 

7.40 
6.40 
4.85 
4.55 
4.60 
4.70 
4.60 
4.55 
4.35 
4.15 
3.95 
3.90 

7.25 
5.50 
5.00 
5.10 
5.20 
6.20 
6.43 
7.00 
5.90 
6.40 
5.90 
5.30 

2.55 
2.53 
2.45 
2.40 

2.25 
2.23 
2.23 
2.23 

8 

9 

10 

11 

2.37 

3.35 

12 

4.55 

3.45 

2. 37  3. 30 
2.36  1  3.20 

2. 35  2. 83 
2.40  2.75 
2.40  '  2.06 

2. 36  2. 63 
2.33  2.45 

2.37  1  3.25 

2. 36  3. 23 
2.33  1  2.85 
2.40  '  2.75 
2. 60  2. 67 
2.46  2.66 
2. 43  2. 63 
2.43  2.50 
2.40  2.50 

2. 37  2. 47 

13 

4.40 
4.60 

4.00 
4.15 

14 

15 

4.60  '  4.00 

16 

4.50 
4.35 
4.15 
4.10 
4.05 
4.00 
3.90 
3.85 
3.85 
3.75 
3.70 
3.70 
3.67 
3.65 
5.40 

3.70 
3.65 
3.65 
3.55 
3.53 
3.50 
3.50 
3.50 
3.50 
3.45 
3.35 
3.37 
3.27 
3.25 
3.35 
3.35 

17 

18 

19 

3.85  5.45 
3.75  5.85 
4. 15  5. 50 
3.  90  4. 90 

20 

21 

22 

23 

G.85 

4.75 

24 

0.05 
4.86 
4.35 
4.20 
4.15 

4.65 
4.55 
4.45 
4.45 
4.35 
4.10 
4.00 
4.10 

25 

26 

27 

28 

29 

30 

31.^ 

2.36 
2.83 

2.45 
2.45 
2.45 
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BRYSON   STATION  ON  TUCKASEEGBB   RIVER. 

This  station,  described  in  the  Eighteenth  Annaal  Beport,  Part  lY, 
page  116,  was  located  on  the  Soathern  Railway  bridge  about  3  miles 
above  Brysou,  North  Carolina,  and  just  below  Governor  Island  post- 
ofiice,  and  was  abandoned  March  25  because  the  section  was  poor.  A 
new  station  was  established  November,  1897,  in  the  town  of  Bryson,  at 
the  highway  bridge.  The  bottom  is  muddy,  the  water  is  deep,  and  the 
current  is  very  sluggish.  The  gage  is  bolted  to  the  north  pier  and 
lower  side,  and  can  be  read  from  the  bridge.  The  initial  point  for 
soundings  is  the  south  end,  upstream  hand-rail.  The  channel  is 
obstructed  by  the  remains  of  two  old  piers.  The  observer  is  n.  H. 
Welch,  The  following  discharge  measurement  was  made  in  1897  by 
A.  P.  Davis : 

October  28,  gage  height,  1.00  foot;  discharge,  168  second-feet. 


Daily  gage  height,  in  feet,  of  Tuckaseegee  River  at  Bryaon,  North  Carolina,  for  1897. 


Day. 

Jan. 

1 

2.25 
2.20 
2.30 
2.50 
2.80 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.40 
2.30 
3.00 
2.80 
2.60 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

u 

15 

16 

Feb. 

Mar. 

Nov. 

Doc. 

3.10 

3.75 

1.25 

3.80 

3.60 

1.10 

3.10 

4.40 

1.35 

3.00 

3.65 

1.60 

3.30 

3.60 

2.30 

5.52 

7.60 

1.60 

4.70 

5.60 

1.05 

1.30 

4.10 

4.00 

1.00 

1.25 

4.00 

5.00 

1.15 

1.20 

3.80 

7.10 

1.10 

1.15 

4.00 

5.30 

1.00 

1.15 

5.40 

9.15 

1.00 

1.15 

5.00 

6.80 

1.00 

1.30 

4.15 

7.70 

1.00 

2.00 

3.00 

6.20 

1.00 

1.70 

3.80 

6.90 

1.00 

l.iO 

Day. 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Jan. 


2.90 
3.30 
2.90 
3.30 
3.30 
3.30 
3.25 
3.00 
2.90 
2.85 
2.80 
2.20 
2.20 
2.60 
2.90 


Fob. 


3.60 
3.50 
3.50 
3.70 
4.30 
4.55 
4.90 
8.85 
5.30 
4.70 
4.30 
3.  DO 


Mar. 


Nov. 


5.70 
5.80 
6.90 
5.70 
5.60 
5.40 
5.10 
5.00 
4.80 


1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
l.OO 
1.00 
1.40 
1.20 
1.30 
1.30 


Dec. 


1.30 
1.30 
1.60 
1.70 
3.40 
2.60 
2.05 
1.70 
1.60 
1.70 
1.65 
1.50 
1.45 
1.40 
1.50 
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JTJDSON  STATION  ON  LITTIiE  TENNESSEE  BIVEB. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  117,  is  located  on  the  Southern  Bailway  bridge  about  one*fourtli 
of  a  mile  from  Judson,  North  Carolina,  and  below  the  mouth  of  Saw- 
yer Branch.  The  zero  of  the  gage  rod  is  25  feet  west  of  the  east  end 
of  the  second  span  from  the  east.  The  outer  rim  of  the  pulley  wheel  is 
2  feet  from  the  zero  of  the  gage  rod,  and  the  distance  from  the  end  of 
the  weight  to  the  marker  on  the  wire  rope  is  26.25  feet.  The  gage  reads 
zero  when  the  weight  touches  the  bottom  of  the  stream.  The  bottom 
is  rocky  and  very  rough  on  the  west  side  of  the  stream,  and  sandy  on 
the  east  side,  and  the  current  is  very  swift.  The  river  is  straight  for 
several  hundred  yards  above  and  below  the  station.  The  section  is  not 
a  very  good  one,  as  there  are  two  bad  pier  obstructions.  The  observer 
is  B.  0.  Sawyer,  Judson,  North  Carolina.  The  following  discharge 
measurements  were  made  by  E.  W.  Myers  and  A.  P.  Davis  in  1897 : 

Augnst  21,  gage  height,  3.21  feet;  disoharge;  771  second-feet. 
October  13,  gage  height,  2.75  feet;  discharge,  701  second-feet. 
October  28,  gage  height,  2.44  feet ;  discharge,  448  sccond-foet. 

Daily  g<ige  heightj  in  feet,  of  JAiile  Tennessee  River  at  Jiidaon,  North  CaroHna,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

6.23 
7.50 
7.91 
7.90 
6.55 
6.53 
5.80 
5.70 
5.30 
4.28 
4.50 
4.60 
5.70 
5.23 
4.50 
5.40 
4.54 
8.53 
3.52 
3.15 
3.22 
3.21 
3.18 
8.18 
3.32 
3.89 
3.30 
3.41 
3.90 
3.99 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

2.58 
2.56 
2.55 
3.00 
4.58 
4.39 
4.00 
3.80 
3.00 
2.90 
2.89 
2.86 
2.80 
8.51 
3.00 
8.00 
2.88 
2.90 
2.96 
8.40 
3.58 
4.56 
4.50 
3.48 
3.36 
3.38 
8.30 
3.00 
2.97 
2.78 
2.90 

1 

3.40 
8.56 
8.53 
3.54 
3.51 
3.52 
3.65 
8.66 
8.64 
8.63 
3.69 
3.65 
8.66 
8.65 
3.64 
8.62 
8.65 
3.04 
3.69 
4.80 
4.80 
4.82 
4.62 
4.60 
3.90 
8.84 
8.84 
3.83 
3.68 
3.60 
3.66 

5.50 
6.40 
5.54 
4.80 
4.59 
5.30 
4.56 
4.59 
4.50 
4.47 
5.20 
5.28 
5.26 
5.30 
4.69 
4.56 
8.70 
3.80 
3.53 
3.52 
4.30 
5.60 
8.60 
6.75 
4.75 
4.63 
4.53 
4.29 

4.20 
3.56 
3.56 
3.53 
3.56 
4.50 
4.35 
4.59 
6.40 
7.29 
7.38 
9.20 
7.82 
7.23 
7.15 
6.35 
5.53 
6.05 
7.65 
8.90 
8.00 
8.50 
7.63 
7.85 
6.25 
5.55 
5.53 
5.60 
5.56 
5.70 
6.21 

4.20 
3.56 
3.54 
3.52 
3.53 
3.58 
3.57 
3.57 
3.22 
3.23 
3.27 
3.27 
4.76 
5.21 
5.13 
4.12 
4.90 
4.70 
4.30 
3.57 
3.56 
3.56 
3.41 
3.90 
8.70 
3.90 
3.80 
3.51 
3.60 
3.90 
8.80 

3.82 
8.78 
2.01 
4.20 
4.80 
8.90 
3.59 
3.58 
8.55 
3.56 
3.59 
3.57 
3.58 
3.53 
3.59 
3.61 
3.62 
3.60 
3.60 
3.48 
3.50 
3.42 
3.44 
3.47 
3.41 
3.48 
8.46 
8.45 
3.43 
3.40 

8.30 
8.50 
3.42 
3.50 
8.60 
3.70 
8.63 
3.67 
3.75 
3.72 
3.70 
3.48 
3.49 
3.42 
3.45 
3.61 
4.33 
4.56 
4.91 
5.20 
4.36 
4.20 
4.21 
3.78 
3.72 
3.70 
3.73 
3.71 
3.75 
3.71 
3.69 

3.48 
8.46 
3.30 
3.43 
3.45 
3.40 
3.46 
3.48 
3.47 
3.44 
3.38 
3.35 
3.36 
3.32 
3.35 
4.00 
3.86 
3.86 
3.78 
3.52 
3.32 
3.22 
3.23 
3.35 
3.29 
3.90 
3.00 
3.83 
2.78 
•A  70 
2.77 

2.83 
2.85 
2.89 
2.86 
2.84 
2.84 
2.85 
2.73 
2.71 
2.73 
2.77 
2.89 
2.80 
2.83 
2.88 
2.86 
2.90 
2.00 
2.80 
2.38 
2.40 
2.37 
2.33 
2.39 
2.50 
2.60 
2.52 
2.50 
2.63 
2.57 

2.52 
2.53 
2.60 
2.54 
2.55 
2.57 
2.50 
2.56 
2.53 
4.54 
4.58 
2.56 
2.49 
2.50 
2.53 
2.53 
2.54 
2.60 
2.22 
3.48 
3.87 
2.86 
2.70 
2.72 
2.60 
2.63 
2.35 
2.30 
2.30 
2.33 
2.34 

2.38 
3.30 
2.86 
2.70 
2.68 
2.79 
2.80 
2.72 
2.73 
2.78 
2.70 
2.76 
2.79 
2.61 
2.63 
2.68 
2.73 
2.70 
2.60 
2.07 
2.68 
2.60 
2.65 
2.67 
2.70 
2.82 
3.10 
2.89 
2.80 
2.86 

2 

3 

4 

5 

6 

7 

8 

» 

10 

11 

12 

13 

14 

15 

16 

IT 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
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MUBPHY  STATION  ON   HIWASSEE  RIYEB. 

This  station,  described  in  the  Eighteenth  Annual  Iteport,  Part  lY^ 
page  117,  is  located  on  the  highway  bridge  crossing  the  river  at  Mor- 
phy,  Forth  Carolina,  one- half  mile  above  Valley  Eiver.  The  zero  of 
the  gage  rod  is  8  feet  north  of  the  center  of  the  second  full-length  com- 
pression member  from  the  north  end  and  on  the  downstream  side  of 
bridge.  The  outer  rim  of  the  pulley  wheel  is  2  feet  from  the  zero  of  the 
gage  rod,  and  the  distance  from  the  end  of  the  weight  to  the  marker 
on  the  wire  is  29.10  feet.  The  reading  of  the  gage  is  zero  when  the 
weight  touches  the  bottom  of  the  river.  The  section  here  is  a  fairly 
good  one,  though  somewhat  obstructed  by  the  remains  of  two  old  piers 
directly  under  the  present  bridge.  The  course  of  the  stream  is  straight 
for  several  hundred  yards  above  and  below  the  bridge  and  the  current 
fairly  rapid.  The  bottom  is  hard  and  rocky  and  is  not  subject  to  any 
decided  change  by  high  water.  The  banks  are  high  and  not  subject  to 
overflow  except  in  very  high  water.  The  observer  here  is  M.  L.  Brit- 
tain.  The  following  measurements  were  made  by  E.  W.  Myers  and 
A.  P.  Davis  in  1897 : 

Aagnst  20,  gage  height,  5.33  feet;  discharge,  528  second-feet. 
October  14,  gage  height,  4.76  feet ;  discharge,  267  second-feet. 
October  29,  gage  height,  4.71  feet;  discharge,  253  second-feet. 


Dailif  gage  height,  in  feet,  of  Hiwaesee  Hirer  at  Murphy,  North  Carolina,  for  1897. 


Day. 

Jan.    Feb. 

Mar. 

Apr. 

May. 

4.80 
4.70 
4.65 
4.60 
4.55 
4.52 
4.50 
4.50 
4.50 
4.45 
4.52 
4.40 
5.00 
4.80 
4.60 
4.50 
4.50 
4.42 
4.40 
4.32 
4.36 
4.35 
4.30 
4.26 
4.25 
4.22 
4.20 
4.20 
4.20 
4.20 
4.20 

June. 

Jnly.    Aug. 

Sept. 

Oct.    Nov. 

5.02 
5.00 
5.10 
5.  .1.-) 
6.10 
5.50 
5.30 
5.20 
5.12 
5.10 
5.10 
5.(0 
5.  02 
6.20 
5.  5.-1 
5. 30 
5.28 
5.20 
5.40 
6.00 
7.35 
0.85 
6.15 
5.80 
5.50 
5.85 
5.60 
5.50 
6.40 
5.40 
5.80 

1 

8.90 
3.00 
3.90 
8.00 
4.12 
4.02 
4.00 
4.00 
3.92 
3.92 
4.00 
3.90 
3.92 
4.40 
4.60 
4.15 
4.65 
4.40 
4.40 
6.10 
4.70 
4.52 
4.40 
4.40 
4.40 
4.20 
4.30 
4.10 
4.15 
4.16 
4.15 

4.80 
5.50 
4.90 
4.62 
4.60 
5.15 
5.40 
5.12 
5.10 
4.85 
4.85 
4.82 
4.82 

4.12 

4.70 
4.60 

'ifso" 

4.50 
7.92 
5.50 
5.10 
4.97 
4.70 
4.64 

4.60 

4.50 

4.55 

4.70 

4.60 

9.20 

6.50 

5.65 

5.40 

5.62 

5.50 

9.90 

6.85 

6.70 

6.12 

7.65 

6.30 

6.00 

7.05 

6.80 

6.10 

5.80 

5.55 

5.40 

5.30 

6.15 

6.10 

5.00 

4.00. 

5.00 

4.90 

5.40 
5.50 
5.38 
6.26 
8.20 
6.12 
5.75 
C.50 
6.10 
5.35 
5.30 
5.15 
5.05 
5.05 
5.50 
5.05 
5.00 
4.90 
4.80 
4.80 
4.70 
4.70 
4.70 
4.70 
4.65 
4.70 
4.63 
4.60 
4.60 
4.68 

4.16 
4.15 
4.1? 
4.10 
4.30 
4.12 
4.10 
4.10 
4.22 
4.10 
4.02 
4.05 
4.05 
4.00 
4.00 
4.10 
4.03 
4.10 
4.20 
4.15 
4.05 
4.00 
4.00 
4.00 
4.00 
4.00 
3.90 
3.00 
4.30 
4.00 

3. 90     4. 20 
3. 00     4. 32 
3.00  1  4.20 
3.00     "A  in 

1 

5.00 

2 

5.40 

5.10 

5.02 

5.00 

5.00 

4.95, 

5.00 

4.08 

5. 00 

5.00 

4.05 

4.95 

5.  00 

5.00 

5.00 

4.95 

4.95 

4.95 

4.95 

4.95 

4.95 

4.90 

4.90 

5.00 

4.98 

5.00 

5.05 

5.00 

5.10 

3 

4 

5 

4.15 
4.00 
4.02 
4.10 

4.35 
4.20 
4.20 

,      6 

7:.:::: 

8 



9 

4.10 
4.25 
4.15 
4.00 
3.98 
3.90 
3.85 
3.90 
4.50 
4.05 
5.72 
5.00 
4.50 
4.85 

10 

11 

12 

13 

14 

16 

...... 

16 

17 

18 

...... 

19 

20 

5.00 
4.75 
4.75 
4.70 
4.70 
4.70 
4.65 
4.66 
4.70 
4.72 
4.90 
4.87 

21 

22 

, 

23 

4.34 
4.20 
10.85 
6.20 
5.20 
4.72 
4.52 

24 

25 

26 

27 

28 

28 

30 

4.40 
4.25 

81 
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CHATTANOOGA  STATION  ON  TENNESSEE  BIYEB. 

This  Station,  described  in  the  Eighteenth  Annual  Eeport,  Part  IV, 
page  119,  is  located  on  the  Tennessee  Biver  at  the  city  of  Ohattanooga, 
Tennessee.  The  gage  is  on  an  incline  of  railroad  iron  for  about  20  feet 
in  its  lower  i^ortion.  Above  this  it  is  a  vertical  rod  bolted  to  the  ver 
tical  rock  bluff  forming  the  river  bank.  The  zero  of  the  gage  is  (>30.64 
feet  above  sea  level.  It  is  located  at  the  foot  of  Lookout  street,  just 
below  Chattanooga  Island.  Measurements  are  made  from  the  Hamil- 
ton County  steel  highway  bridge  at  the  foot  of  Walnut  street,  a  short 
distance  below  the  gage.  The  observer  is  L.  M.  Prindell.  The  follow- 
ing discharge  measurements  were  made  by  Max  Hall  and  others 
during  1897 : 

May  8,  gage  height,  7.07  feet;  disohfyrge,  44,187  second-feet. 
May  28,  gage  height,  4.52  feet;  discharge,  25,892  second -feet. 
June  29,  gage  height,  5.76  feet;  discharge,  32,943  second- feet. 
July  13,  gage  height,  4.59  feet;  discharge,  26,884  second-feet. 
September  7,  gage  height,  1.67  feet;  discharge,  10,313  second-feet. 
October  6,  gage  height,  0.48  foot ;  discharge,  5,969  second-feet. 
November  16,  gage  height,  0.83  foot;  discharge,  5,552  second- feet. 
December  23,  gage  height,  10.30  feet;  discharge,  67,000  second-feet. 

Daily  gage  height,  in  feet,  of  Tennessee  River  at  Chattanooga,  Tennessee,  for  18S7, 


Day 


Jan. 


1 

4 

5 

6 

7 

10 

11 

x£* ••....«•• 
Itf  •  ••••».••• 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

27 

28 

30 

31 


2.4 
2.5 
2.8 
2.0 
2.6 
2.7 
2.9 
3.0 
2.8 
2.8 
2.7 
2.6 
2.4 
2.6 
4.1 
6.5 
6.6 
6.3 
6.4 
6.8 
7.0 
7.2 
7.3 
7.0 
6.6 
5.9 
5.3 
4.8 
4.4 
3.7 
8.0 


Feb. 


3.0 

7.0 

10.1 

10.5 

9.4 

8.3 

8.8 

10.7 

14.1 

15.5 

18.2 

10.8 

9.9 

10.0 

10.5 

10.7 

9.8 

8.6 

7.6 

7.0 

7.0 

8.3 

13.2 

25.2 

31.6 

34.8 

33.8 

23.6 


Mar. 

Apr. 
8.7 

May. 

Jane. 
4.3 

Jidy. 
5.0 

12.5 

5.9 

9.6 

12.2 

6.3 

4.2 

4.6 

8.6 

15.0 

7.4 

4.1 

8.8 

9.0 

16.0 

9.6 

4.1 

3.4 

9.5 

26.0 

9.6 

4.1 

3.4 

12.1 

80.4 

8.5 

4.1 

4.0 

19.2 

20.7 

7.7 

4.4 

3.8 

25.1 

25.4 

7.2 

4.4 

3.8 

24.2 

20.0 

6.6 

4.0 

4.4 

21.3 

16.0 

6.2 

6.2 

4.0 

22.3 

14.0 

6.0 

5.0 

4.1 

28.4 

26.0 

6.2 

6.7 

4.5 

34.9 

11.4 

7.8 

5.0 

4.6 

37.9 

10.3 

18.4 

4.3 

4.2 

37.9 

9.7 

22.4 

3.9 

3.8 

87.0 

9.8 

20.3 

3.6 

3.6 

36.0 

10.2 

16.5 

8.7 

4.5 

33.8 

9.9 

11.9 

3.6 

6.3 

29.6 

9.3 

9.1 

3.3 

6.1 

29.6 

8.8 

7.7 

3.3 

5.6 

82.4 

8.1 

6.9 

4.1 

6.7 

83.8 

7.5 

6.4 

5.0 

6.1 

30.9 

7.0 

5.9 

4.8 

5.8 

25.0 

6.7 

5.6 

6.3 

6.0 

18.1 

6.4 

5.3 

6.5 

8.4 

14.2 

6.2 

5.1 

6.2 

9.7 

12.2 

6.0 

4.8 

5.4 

18.3 

10.8 

6.1 

4.6 

6.5 

8.7 

9.8 

6.2 

4.4 

6.2 

6.7 

9.1 

5.8 

4.2 

6.2 

5.6 

8.6 

4.2 

6.0 

4.4 
8.9 
8.8 
8.6 
3.3 
3.6 
4.4 
4.2 
4.2 
6.6 
6.2 
4.6 
4.1 
3.6 
3.1 
2.8 
2.8 
8.0 
3.4 
3.0 
3.0 
3.4 
8.1 
3.8 
3.4 
2.9 
2.8 
2.8 
2.6 
2.2 
2.1 


Sept. 


2.1 

2.2 

1.9 

1.8 

1.8 

1.7 

1.7 

1.6 

1.6 

1.4 

1.8 

1.2 

1.2 

1.1 

1.0 

1.0 

.9 

.9 

.8 

.8 

.9 

.9 

.8 

.9 

.8 

.8 

.7 

.7 

.7 

.8 


Oct. 


0.8 

.8 

.7 

.6 

.5 

.5 

.5 

.4 

.4 

.4 

.6 

.6 

.9 

1.4 

1.1 

1.2 

1.2 

1.2 

1.1 

1.4 

2.0 

1.9 

1.6 

1.4 

1.6 

1.4 

1.2 

1.0 

.9 

.8 

.8 


Nov, 


Dec. 


9 


LO 
1.2 
1.3 
2.0 
3.3 
3.8 
3.0 
3.5 
2.9 
2.6 
2.4 
2.1 
1.8 
1.8 
2.6 
2.7 
2.5 
2.6 
2.6 
3.4 
4.5 
7.1 
10.2 
9.3 
7.7 
6.4 
6.6 
6.0 
4.6 
4.0 
3.8 
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TOWNSEND   STATION  ON  MISSOURI   RIVER. 

This  Btation,  ineiitioned  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  123,  and  described  more  fnlly  in  Bulletiu  jS^o.  131,  page  22,  is 
located  on  a  wagon  bridge  about  a  mile  north  of  the  railroad  station 
at  Townsend,  Montana,  and  immediately  below  the  railroad  bridge. 
The  heights  given  are  the  means  of  two  daily  readings  expressed  in 
feet  above  the  St.  Louis  directrix,  which  is  412.73  feet  above  mean 
gulf  level.  This  gage  is  maintained  by  Oapt.  J.  G.  Sanford,  Corps  of 
Engineers,  U.  S.  A.,  Sioux  Oity,  Iowa,  and  copies  of  the  record  are 
scDt  weekly  to  the  oflSce  of  the  Missouri  River  Commission.  The  sec- 
retary of  that  commission,  Gapt.  Hiram  M.  Chittenden,  has  kindly 
furnished  this  office  with  the  record  for  the  year  1897.  In  the  following 
table,  taken  from  this  record,  the  figures  3,300  have  been  omitted.  It 
is,  therefore,  necessary  to  add  3,300  to  obtain  elevation  above  the  St. 
Louis  directrix.  The  following  discharge  measurements  have  been 
made  by  Roe  Emery  during  1897 : 

May  10,  gage  height,  92.10  feet;  discharge^  14,247  second-feet. 
May  19,  gage  height,  92.50  feet;  discharge,  19,466  second- feet. 
Jane  12,  gage  height,  91.00  feet;  discharge,  12,352  second-feet. 
Jane  23^  gage  height,  90.28  feet;  discharge,  8,189  second-feet. 
Jaly  12,  gage  height,  89.50  feet;  discharge,  5,917  second-feet. 
Jaly  27,  gage  height,  88.85  feet ;  discharge,  3,797  second-feet. 
Aiigast  12,  gage  height,  88.50  feet;  discharge,  2,901  second-feet. 
Sex>teniber  17,  gage  height,  S8.40  feet;  discharge,  2,695  second- feet. 


])aUif  ijage  height,  in  feetj  of  Missouri  Biver  at  Townsend,  Montana,  for  1S07. 


\ 

Day. 

Jru. 

Feb.    Mar. 
92.1     91.5 

Apr. 

May. 
90.6 

June. 
92.5 

July. 
90.1 

Aug. 

Sept. 
88.2 

Oct. 
88.6 

Nov. 

1 
88.8 

lyvx^. 

1 

88.8 

80.1 

88.7 

a03.8 

2 

88.8 

02.2     01.4  1  80.0 

90.7 

92.7 

00.2 

88.7 

88.2 

88.6 

88.8 

03.3 

3 

88.8 

02. 4  ;  01. 3  >  80.  0 

90.9 

92.6 

90.2 

88.7 

88.3 

88.0 

88.8 

93.3 

4 

88.8 

02.5     01.2  !  80.0 

91.2 

92.3 

90.2 

88.7 

88.4 

88.6 

88.7 

93.3 

5 

88.8 

02.  6  1  01. 1  1  80. 1 

91.4 

91.9 

00.2 

88.6 

88.4 

88.6 

88.7 

93.3 

6 

88.6 

92. 7     01. 1 

89.1 

91.6 

91.6 

90.2 

88.5 

88.4 

88.6 

88.7 

93.3 

7 

88.6 

92. 8     01. 1 

83.1 

91.7 

91.4 

90.1 

88.5 

88.4 

88.6 

88.7 

93.3 

8 

88.5 

92.8 

01.1 

89.1 

91.9 

01.3 

00.0 

88.5 

88.4 

88.6 

88.7 

93.1 

9 

88.5 

02.6 

01.1     80.2 

92.1 

91.3 

89.8 

88.4 

88.4 

88.6 

88.7 

92.9 

10 

88.5 

92.  6  1  01. 0     80. 1 

91.9 

91.2 

89.7 

88.4 

88.4 

88.6 

88.7 

92.6 

11 

88.5 

02. 5     00. 0  1  80. 1 

91.4 

91.1 

89.6 

88.4 

88.4 

88.6 

88.7 

92.3 

12 

88.5 

92.4  '  90.8  i  80.2 

01.1 

91.0 

89.4 

88.4 

88.4 

88.6 

88.7 

92.1 

13 

88.5 

02. 4     90.  7  1  89. 4 

91.1 

90.0 

80.4 

88.4 

88.4 

88.6 

88.7 

92.1 

14 

91.4 

02. 4     00. 7     80. 5 

91.1 

90.8 

89.3 

88.4 

88.4 

88.6 

88.7 

92.2 

15 

01.4 

02.  4     00.  7 

89.8 

91.  5 

90.8 

89.2 

88.4 

88.4 

88.6 

88.7 

92.2 

16 

01.4 

92. 3     90. 8 

90.1 

91.8 

90.9 

80.1 

88.4 

88.4 

88.6 

88.7 

92.3 

17 

01.4 

92.1 

01.1 

90.4 

92.1 

90.9 

89.1 

88.4 

88.4 

88.6 

88.7 

92.3 

18 

01.4 

92.0 

01.4 

00.  6     02. 4 

90.8 

86.1 

88.4 

88.4 

88.7 

88.7 

92.3 

10 

01.4 

92.0 

01.4 

90.  0     02. 4 

90.7 

89.1 

88.4 

88.5 

88.7 

88.7 

92.3 

20 

01.4 

91.9 

01.4 

01.  0     02. 6 

90.5 

89.1 

88.4 

88.4 

88.7 

88.7 

92.3 

21 

01.4 
01.5 
002.4 
02.4 
02.4 

02.0 
91.0 
01.8 
91.7 
91.7 

01.4 
01.5 
091.6 
91.8 
02.4 

00. 8     92.  9 
00. 5     03. 0 
90.2  ,  93.0 
90. 1     02.  8 
90. 0     02. 7 

90.4 
00.3 
90.2 
00.1 
90.1 

89.1 
89.1 
80.0 
89.0 
89.0 

88.4 
88.4 

88.4 
88.4 
88.3 

88.4 
88.4 
88.4 
88.4 
88.4 

88.8 
88.8 
88.8 
88.8 
88.8 

88.7 
88.7 
88.8 
88.8 
88.8 

92.3 
92.3 

22 

23 

92.3 

24 

92.3 
92.3 

25 

26 

02.4 

01.7 

03.2 

90.  2  ,  02.  7 

90.1 

88.0 

88.2 

88.5 

88.8 

88.8 

92.3 

27 

02.3 

01.  7  1  01.  7 

90. 4     02.  5 

00.1 

88.8 

88.2 

88.5 

88.8 

88.8 

92.3 

28 

02.3 
02.2 

01.7  :  80-0  i  00.6  ;  92.4 

90.1 
90.1 

88.7 
88.7 

88.2 
88.2 

88.5 
88.5 

88.8 
88.8 

88.8 
88.8 

82.3 
92.3 

29 

89.  5     00. 0  1  02.  3 

30 

92.1 
92.1 

"••"'" 

80.3 
80.2 

90.6     92.2 

90.1 

88.7 
88.7 

88.2 
88.2 

88.5 

88.8 
88.8 

88.8 

92.3 
92.1 

31 

92.3 

a  Ifte  readingH  J  an.  23  to  Mar.  23,  incluHive,  aud  Dec.  1  to  Doc.  31,  ijiclu»ivu. 


lEE   15- 
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SALESVILLE   STATION   ON   WEST   GALLATIN   RITEB. 

This  station,  described  in  the  Eight'eenth  Annual  Beport,  Part  lYj 
page  123,  is  about  16  miles  southwest  of  Bozeman,  Montana,  at  the 
highway  bridge  crossing  the  stream  about  5  miles  south  of  Salesville. 
The  old  gage  rod  erected  in  July,  1895,  is  spiked  to  a  tree.  In  Sep- 
tember, 1896,  a  wire  gage  was  placed  on  the  bridge,  the  pulley  being 
fastened  to  the  end  of  the  rod  opposite  the  0.15  foot  mark.  The  dis- 
tance of  the  end  of  the  weight  to  the  index  marker  is  15.50  feet.  The 
two  gages  were  made  to  read  the  same.  The  bed  of  the  stream  is  rocky 
and  the  current  is  swift. 

The  bench  mark  for  the  wire  gage  is  the  head  of  the  southwest  bolt 
in  the  rim  of  the  southeast  cylindrical  pier.  Its  elevation  is  13.70  feet 
above  datum.  The  observer  is  Ira  T.  Williams,  Salesville,  Montana. 
Discharge  measurements  were  made  during  1897,  by  Roe  Emery,  as 
follows : 

May  9,  gage  heigh t,  4.70  feet;  discharge,  1,835  second-feet. 
May  22,  gage  height,  6.70  feet;  discharge,  5,538  secoud-feet. 
June  5,  gage  height,  5.40  feet ;  discharge,  3,221  seoond-foet. 
June  30,  gage  height,  4.55  feet;  discharge,  1,858  second-feet. 
July  19,  gage  height,  3.90  feet;  discharge,  1,187  second-feet. 
August  10,  gage  height,  3.50  feet ;  discharge,  869  second-feet. 
September  10,  gage  height,  3.20  feet;  discharge,  533  second-feet. 
October  30,  gage  height,  3.20  feet;  discharge,  491  second-feet. 


Daily  gage  heightj  iafeet,  of  West  Gallatin  River  at  Salesville,  Montana,  for  1897. 


Day. 

Apr. 

May. 

Jiuie. 

July. 

Aug. 

Sept. 

Oct. 

Dec. 

1 

4.15 
4.85 
4.65 
4.05 
5.15 
5.25 
5.85 
5.75 
5.45 
4.85 
4.65 
4.65 
5.15 
6.40 
5.75 
6.15 
6.80 
6.80 
6.30 
6.35 
6.85 
6.70 
6.20 
6.30 
6.80 
6.70 
6.00 
6.00 
6.16 
6.80 
6.80 

6.70 
6.40 
5.90 
6.70 
5.60 
6.35 
5.30 
5.20 
5.35 
5.70 
5.30 
6.20 
5.20 
5.30 
5.30 
5.25 
5.20 
5.00 
5.00 
4.90 
4.70 
4.70 
4.70 
4.65 
4.55 
4.50 
4.85 
4.50 
4.60 
4.46 

4.60 
4.50 
4.65 
4.40 
4.60 
4.40 
4.30 
4.40 
4.20 
4.15 
4.10 
4.00 
4.00 
3.95 
3.90 
3.90 
3.90 
3.90 
3.90 
8.85 
8.80 
3.80 
3.85 
3. 80 
8.80 
3.86 
3.70 
8.65 
8.65 
8.60 
3.60 

8.60 
3.60 
8.60 
3.50 
3.60 
8.60 
8.50 
8.50 
8.60 
8.50 
3.40 
8.40 
3.40 
8.40 
8.30 
3.20 
3.20 
8.1!0 
8.20 
3.20 
3.20 
3.20 
3.20 
8.20 
8.20 
8.20 
8.20 
3.20 
3.20 
8.20 
8.20 

3.20 
3.20 
8.20 
8.30 
3.20 
3.20 
8.20 
8.20 
8.20 
3.20 
3.20 
3.20 
3.20 
8.20 
3.20 
3.20 
3.20 
3.20 
8.20 
3.20 
3.20 
3.20 
3.20 
8.20 
3.20 
3.20 
8.20 
3.20 
8.20 
3.20 

3.20 
3.26 
3.30 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
8.20 
3.20 
3.30 
3.30 
3.30 
3.20 
3.20 
3.20 
3.20 
3.20 
8.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
8.20 
3.20 
3.20 
3.20 
3.20 

3.00 

"ioo" 

"2.96* 

"i.oo" 

•  ••• •■ .  • 
8.30 

2 

2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.95 
3.00 
3.00 
2.90 
2.90 
3.05 
3.10 
3.20 
3.35 
3.50 
3.55 
3.40 
3.40 
3.45 
3.45 
3.40 
3.50 
3.60 
3.95 
4.00 
3.95 

8 

4 

6 

6 

7 

« 

9 

10 

11 

12 

13 

u 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

28 

27 

28 

29 

ao 

31 
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BOZEMAN   STATION  ON  MIDDLE   GREEK. 

This  station,  described  iu  the  Eighteenth  Annual  Keport,  Part  TV, 
page  127,  is  located  in  Middle  Greek  Canyon,  9  miles  from  Bozeman, 
Montana,  and  one-eighth  of  a  mile  above  the  old  sawmill  dam  on  the 
road  At>m  Bozeman.  The  gage  is  about  half  a  mile  upstream  from  the 
small  footbridge  which  has  been  placed  across  the  stream  for  conven- 
ience in  making  discharge  measurements.  It  consists  of  a  vertical 
post,  4  inches  square,  secured  to  a  tree  stump  and  protected  by  the 
latter  fi:om  the  full  force  of  the  current.  The  bench  mark  consists  of  a 
spike  driven  horizontally  into  a  stump  5  feet  high,  about  80  feet  east  of 
the  gage  rod.  The  middle  of  this  spike  is  at  an  elevation  of  7.03  feet 
of  the  gage.  Another  bench  mark  consists  of  an  8-inch  bridge  spike 
driven  horizontally  iuto  a  charred  stump  about  25  feet  northeast  of  the 
gage.  The  top  of  the  spike  is  at  an  elevation  of  3.58  feet.  •  A  third 
bench  mark  consists  of  a  large  rock  93  feet  east  of  the  gage,  marked 
^<  B.  M."  in  black  paint.  It  is  4.84  feet  above  datum.  Gage  heights 
were  not  taken  in  1897,  owing  to  the  impossibility  of  securing  an 
observer  at  moderate  expense.  The  following  measurements  were 
made  during  1897  by  Eoe  Emery : 

May  3,  gage  height,  1.20  feet;  discharge,  174  second- feet. 
May  21,  gage  height,  1.20  feet;  discharge,  340  second-feet. 
June  4,  gage  height,  0.80  foot;  discharge,  233  second-feet, 
June  21,  gage  height,  0.70  foot;  discharge,  184  second- feet. 
July  6,  gage  height,  0.65  foot;  discharge,  133  second- feet. 
July  19,  gage  height,  0.50  foot;  discharge,  108  second-feet. 
August  1,  gage  height,  0.40  foot;  discharge,  54  second- feet. 
August  10,  gage  height,  0.30  foot;  discharge,  44  seoond-feet. 
September  20,  gage  height,  0.25  foot ;  discharge,  42  second-feet. 
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LOGAN  STATION  ON  GALLATIN  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  128,  is  located  at  Logan,  Montana,  near  the  mouth  of  Gallatin 
Biver.  The  wire  gage  is  placed  in  the  east  span  of  the  railroad  bridge 
and  fastened  to  the  guard  rail  on  the  upper  side.  The  distance  from 
the  outside  edge  of  the  pulley  to  the  end  of  the  rod  is  1  foot;  from  the 
end  of  the  weight  to  the  index  marker  18.40  feet.  Bench  mark  1  is 
the  top  of  the  northeast  corner  of  the  iron  plate  at  foot  of  diagonal  end 
member  of  truss,  east  end,  upper  side,  and  is  13.70  feet  above  datum. 
Bench  mark  2  consists  of  the  head  of  a  bridge  spike  driven  vertically 
into'the  top  of  the  pile  stump,  to  which  the  lower  end  of  the  old  inclined 
gage  is  fastened,  and  is  0.38  foot  below  the  2'foot  mark  on  the  gage. 
Discharge  measurements  are  made  from  the  cable  across  the  river  300 
feet  above  the  railroad  bridge.  The  section  is  a  good  one,  the  channel 
being  straight  for  some  distance  above  and  below  the  cable.  The  bed 
is  gravelly.  The  observer  is  James  Martin.  The  following  measure- 
ments were  made  by  Boe  Emery  in  1897: 

April  24,  gage  height,  1.50  feet;  discharge,  930  second-feet. 
May  4,  gage  height,  2.30  feet;  discharge,  2,708  second-feet. 
June  7,  gage  height,  3.30  feet ;  discharge,  3,811  second- feet. 
July  3,  gage  height,  1.90  feet;  discharge,  1,339  second-feet. 
July  16,  gage  height,  0.70  foot ;  discharge,  556  seoond-feet. 
July  31,  gage  height,  0.70  foot;  discharge,  459  second-feet. 
September  15,  gage  height,  0.90  foot;  discharge,  526  second-feet. 
October  6,  gage  height,  0.90  foot;  discharge,  601  second-feet. 

Daily  gage  height,  in  feet^  of  Gallatin  Biver  at  Logan,  MontatM,  far  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

4.6^ 

4.2^ 

3.70 

3.50 

3.20 

3.10 

3.10 

8.15 

3.20 

3.80 

3.00 

3.00 

3.00 

3.10 

3.00 

2.90 

2.80 

2.70 

2.50 

2.40 

2.80 

2.20 

2.20 

2.20 

2.10 

2.00 

2.00 

2.00 

2.00 

2.00 

July. 

1 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1.35 

1.40 

1.30 

1.30 

1.20 

1.10 

1.10 

1.10 

1  00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.10 

1.10 

1.00 

1.00 

(a) 

(0) 

(0) 

(a) 

(a) 

(«) 
(a) 

(«) 
(a) 
(a) 
(a) 
(a) 
1.03 

1 

. 

(a) 

(«) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 

(0) 

(a) 
(a) 
(a) 

(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 

(a) 
(a) 
(a) 
(a) 
(a) 
0.05 

0.80 

"'.io' 

*i."25" 
"'.70' 

"'.'96' 
".'95" 

'i.66* 
i.'so' 

1.05 
3.20 
1.05 
1.15 
1.50 
1.20 
1.10 
1.30 
1.30 
1.30 
1.30 
1.50 
1.30 
1.70 
1.90 
1.90 
1.90 
1.90 
1.90 
1.70 
1.60 
1.60 
1.50 
1.50 
1.40 
1.60 
1.60 
1.90 
1.95 
1.98 

1.95 
2.00 
2.20 
2.82 
2.05 
3.00 
3.20 
3.05 
2.70 
2.50 
2.25 
2.35 
2.62 
2.75 
3.15 
3.45 
3.75 
3.85 
3.88 
4.10 
4.28 
4.10 
3.95 
3.90 
4.30 
4.70 
3.95 
3.80 
3.85 
3.90 
3.85 

1.72 

1.80 

1.90 

1.82 

1.70 

1.70 

1.65 

1.50 

1.40 

1.30 

1.20 

1.10 

1.00 

.90 

.80 

.76 

.70 

.80 

1.00 

.85 

.80 

.80 

.80 

.80 

.78 

.70 

.70 

.70 

.65 

.60 

.65 

0.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.65 
.65 
.70 
.70 
.70 
.70 
.70 
.70 

0.70 
.70 
.78 
.82 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.90 
.90 
.90 
.90 
.00 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.80 
.80 

0.90 
1.15 
1.10 
1.00 
.90 
.90 
.90 
.90 
.90 
.90 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.05 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 

1.10 
1.10 
1.10 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.20 
1.20 
1.20 
1.20 
1.30 
1.30 
1.20 
1.20 
1.10 
1.10 
1.10 
1.10 
1.20 

2 

0.05 

3 

4 

5 

6 

1.25 

7 

8 

9 

10 

1.20 

11 

12 

13 

J.  30 

U 

15 

16 

1.50 

17 

18 

19 

20 

1.40 

(a) 
(a) 
(a) 

(a) 
(o) 
(a) 
(a) 
(a) 
(a) 

(a) 
(a) 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

31 

1.10  1 

a  Frozen. 
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.  BBDBLUPP  STATION  ON  MADISON  RIVER. 

This  station  is  located  at  the  ranch  of  the  observer,  Mrs.  S.  A.  Black, 
4  miles  below  the  Bedblaff  iron  county  bridge  over  the  Madison,  and 
about  1^  miles  below  the  mouth  of  Cherry  Greek.  It  is  also  about  3 
miles  below  the  location  of  the  old  Bedblufif  station,  described  in 
Bulletin  Ko.  131,  on  page  18.  It  was  established  May  2, 1897,  at  which 
time  the  one  at  Threeforks  was  discontinued.  The  vertical  gage  is  fast- 
ened to  a  post  set  firmly  into  the  bed  of  the  river,  and  braced  with  cross- 
pieces  from  the  bank.  Discharge  measurements  are  made  from  the 
iron  bridge  above.  Cherry  Creek  is  measured  at  the  same  time  as  it 
enters  between  the  gage  and  the  bridge.  The  initial  point  for  sound- 
ings is  at  the  left  abutment  of  the  bridge.  The  banks  are  high  and  do 
not  overflow.  The  bed  of  the  stream  is  rocky  and  the  current  is  quite 
swift.  The  following  are  the  discharge  measurements  made  during 
1897  by  Eoe  Emery: 

Not  inclnding  Cherry  Creek: 

April  27,  gage  height,  1.70  feet ;  discharge,  1,806  second-feet. 

May  7,  gage  height,  2.45  feet ;  discharge,  2,803  second-feet. 
Inclnding  Cherry  Creek: 

May  26,  gage  height,  3.70  feet;  discharge,  8,467  second-feet. 

June  19,  gage  height,  2.22  feet;  discharge,  4,191  second-feet. 

Jnly  1,  gage  height,  1.90  feet;  discharge,  2,794  Hecond-feet. 

Jnly  14,  gage  height,  1.65  feet;  discharge,  2,241  second-feet. 

Jnly  29,  gage  height,  1.50  feet;  discharge,  2,115  second-feet. 

September  14,  gage  height,  1.40  feet;  discharge,  1,656  second-feet. 

October  4,  gage  height,  1.50  feet;  discharge,  1,940  second-feet. 

November  2,  gage  height,  1.40  feet;  discharge,  1,54^5  second- feet. 

Daily  gage  heightj  in  feet,  of  Madison  Biver  at  Bedbluff,  Montana,  for  1897. 


Day. 

May. 

June. 

July. 

1 

3.75 
3.65 

1.92 
1.92 

2.... 

2.08 

3.... 

2.08 

3.55 

2.00 

4.... 

2.15 

3.35 

2.00 

5... 

2.22 

3.20 

2.00 

6.... 

2.35 

2.50 

1.9U 

7.... 

2.45 

2.40 

2.00 

8.... 

2.60 

2.50 

3.00 

9.... 

2.35 

2.60 

1,95 

10.... 

2.28 

2.55 

1.90 

11.... 

2.15 

2.40 

1.90 

12.... 

2.10 

2.80 

1.90 

1     13..-. 

2.15 

2.30 

1.80 

14.... 

2.35 

2.40 

1.80 

15.... 

2.45 

2.45 

1.82 

16.... 

2.86 

2.50 

1.80 

Aag.  Sept 


1.60 
1.60 
1.60 
1.60 
1.60 
1.50 
1.50 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 


1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 


Oct. 


1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 


Day. 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


May. 


JnnH. 


2.75 

2.50 

(a) 

2.30 

(a) 

2.25 

(a) 

2.25 

(a) 

2.10 

(a) 

2.05 

(a) 

2.10 

(a) 

2.00 

(o) 

2.00 

(a) 

2.00 

3.75 

1.94 

3.60 

1.93 

8.40 

1.90 

8.45 

1.90 

3.55 

July. 


1.88 
1.  S.") 
1.80 
1.85 
1.8(f 
1.70 
1.82 
1.85 
1.70 
1.70 
1.75 
1.70 
1.70 
1.70 
1.60 


Aug. 


1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1. 40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 


Sept. 


1.40 

1.40 

1.40 

1.40  ' 

1.40 

1.40 

1.40 

1.40 

1.40 

1.35 

1.35 

1.40 

1.40 

1.40 


Oct. 


I 


1.30 
1.30 
1.35 
1.40 
1.40 
1.40 
1.40 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 


a  Over  gagu. 
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THRBEFOBfS  STATION  ON  MADISON  BIYBB. 

A  description  of  this  station  was  given  in  the  Eighteenth  Annual 
•Eeport,  Part  IV,  page  131.  The  gage  is  at  the  bridge  of  the  Northern 
Pacific  Eailroad  company,  one-half  mile  from  the  town  of  Threeforks. 
The  greater  part  of  the  discharge  of  the  river  flows  under  this  bridge, 
but  there  are  a  number  of  small  side  channels,  branching  off  at  points 
above,  through  which  considerable  water  flows,  especially  in  time  of 
flood.  For  this  reason  the  station  was  discontinued  on  the  1st  of  May 
and  oue  established  at  the  Redbluff  iron  bridge,  30  miles  above.  A 
measurement  was  made  June  8, 1897,  which  gave  a  discharge  of  4,316 
second- feet,  at  the  same  time  the  sloughs  were  discharging  1,568  second- 
feet  additional.  The  gage  is  inclined,  the  zero  being  14.11  feet  below 
the  top  of  the  rail  on  the  east  end  of  the  bridge. 

Daily  gage  height,  in  feet,  of  Madison  River  at  Threeforks,  Motiiana,  for  1897, 


Day. 

Jan. 

Feb. 

'2.30 
2.30 
2.30 
1.00 
2.00 
1.70 
1.30 
1.80 
1.30 
1.20 
1.20 
1.00 
1.00 
.00 
.00 
.85 

Mar. 

0.00 
.00 
.80 
.80 
.70 
.70 
.60 
.60 
.60 
.60 
.60 
.60 
.50 
.60 
.60 
.60 

Apr. 

May. 

1 

Day. 

Jan. 

Feb. 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Mar. 

Apr. 

May. 

1 

1.00 

1.00 

1.00 

2.00 

2.00 

1.05 

1.03 

.50 

.40 

.40 

.50 

.55 

.40 

.40 

.40 

.50 

1.50 

•  •  ■  •  •  •  ■ 

17 

18 

10 

20 

21 

22 

23 

24 

25 

26i 

27 

28 

20 

30 

31 

1.00 

1.50 

1.40 

1.30 

1.20 

1.00 

.00 

.00 

1.00 

.80 

.80 

.80 

.80 

.80 

1.30 

0.60 
.60 
.60 
.70 
.70 
.50 
.50 
.40 
.40 
.30 
.20 
.80 
.80 
.00 
.00 

0.50 

.50 

.70 

.70 

.60 

.60 

.70 

.70 

.80 

.80 

.00 

1.00 

1.30 

1.40 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

2.00 
1.51 
2.25 
1.00 
2.00 
1.00 
1.U0 

SAPPINGTON  STATION   ON  .T15FFBBSON  BIVEB. 

This  station  is  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  134.    The  wire  gage  is  fastened  to  the  guard  rail,  on  the  upper 
side,  in  the  east  span  of  the  Northern  Pacific  Eailroad  bridge,  one-fourth 
of  a  mile  north  of  Sappington  station,  Montana.    The  outside  edge  of 
the  pulley  is  0.2  foot  from  the  end  of  the  rod.    The  distance  from  the  end 
of  the  weight  to  the  index  marker  is  16  feet.    Bench  mark  1  consists 
of  a  6-inch  wire  nail  driven  horizontally  in  the  east  side  of  the  blocking 
which  forms  the  south  abutment  of  the  railroad  bridge,  and  is  6.9  feet 
on  the  gage.    Bench  mark  2  is  a  6-inch  wire  nail  driven  horizontally 
into  a  telegrax)h  pole  about  30  feet  south  and  east  of  the  south  abut- 
ment of  the  bridge,  and  is  at  an  elevation  of  7  feet  on  the  gage.    Bencb 
mark  3  is  the  head  of  the  northwest  bolt  fastening  the  switch  standard, 
to  the  cross-tie,  30  feet  east  of  the  bridge.    Its  elevation  is  15.67  feet. 
On  November  3, 1897,  the  rod  was  lowered  0.8  foot,  by  placing  its  end 
that  distance  nearer  the  pulley,  thus  making  the  pulley  distance  0.2 
foot,  subsequent  readings  being  adjusted  to  the  old  position.     Tlie 
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section  is  good,  being  straight  for  some  distance  above  and  below  the 
cable.  The  bed  of  the  river  is  gravelly.  The  observer  is  Clem  Piper, 
storekeeper,  address.  Sand  Greek,  Montana.  The  following  discharge 
measurements  were  made  dnring  1897  by  Roe  Emery : 

April  28,  gage  height,  2.60  feet;  discharge,  3,571  second -feet. 

^^y  ^t  &^^  height,  3.85  feet;  discharge,  8,293  second-feet. 

Jnly  2,  gage  height,  2.10  feat ;  discharge,  3,321  second- feet. 

July  ir»,  gage  height,  1.30  feet;  discharge,  2,077  second- feet. 

July  30,  gage  height,  0.80  foot;  discharge,  1,116  second-feet. 

September  14,  gage  height,  0.40  foot;  discharge,  841  second-feet. 

October  5,  gage  height,  0.50  foot ;  discharge,  920  second-feet. 

Gage  heights  at  Sappington ;  discharge  measured  at  bridge  at  Throe  Forks : 

May  27,  gage  height,  4.20  feet ;  discharge,  9,704  second-feet. 

June  8,  gage  height,  2.65  feet ;  discharge,  4,638  second-feet. 

DaUif  gage  height,  tit  feet,  of  Jefferson  River  at  Sappington,  Montana,  for  1897, 


Day. 

1 

Apr. 

Mfty. 

Jane. 

Jnly. 

1 

l.OO 

2.05 
3.10 
3.35 
3.50 
3.75 
4.00 
4.45 
4.30 
4.35 
3.95 
3.60 
3.35 
3.30 
3.45 
3.55 
3.80 
3.95 
4.30 
4.50 
4.50 
4.50 
4.45 
4.40 
4.15 
4.00 
4.06 
4.20 
4.10 
3.85 
3.65 
3.40 

3.65 
3.75 
3.60 
3.40 
3.25 
3.05 
2.85 
2.65 
2.60 
2.60 
2.45 
2.25 
2.00 
1.90 
1.85 
1.90 
2.10 
2.25 
2.30 
2.25 
2.15 
1.95 
1.80 
1.80 
1.95 
2.00 
1.95 
2.05 
2.25 
2.20 

2.10 

2 

2.00 

3 

2.20 

4 ' 

2.35 

5 1 

2.40 

6 

2.30 

7 

.05 

2.20 

8 

2.10 

9 

2.00 

10 

1.00 

2.00 

11 

1.85 

12 

1.65 

13 

1.55 

14 

1.00 

1.40 

15 

1.25 

16 

1.20 

17 

1.05 

18 

1.10 

19 

1.20 

20 

3.90 

1.20 

21 

1.15 

22 

1.10 

33 

1.10 

24 

1.10 

25 

1.10 

26 

2.60 
3.00 
3.35 
3.10 
3.05 

1.05 

27 

l.UO 

28 

.05 

29 

.85 

30 

.80 

31 

.70 

I  ..._  ,         C._.  ,  Q^^ 


Nov. 


A^cO* 


0.70 
.70 
.60 
.60 
.60 
.60 
.50 
.50 
.50 
.60 
.50 
.40 
.40 
.30 
.30 
.30 
.25 
.20 
.20 
.20 
.20 

—0.10 

—  .10 

—  .10 

—  .10 
+  .10 

.20 
.20 
.25 
.30 
.:J0 
.20 
.30 
.30 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.35 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 

0.30 
.30 
.45 
.50 

.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.55 
.00 
•  .00 
.00 
.60 
.60 
.60 
.65 
.70 
.80 
.80 
.80 
.80 
.80 
.70 
.70 

.60 

1.60 



1.00 

.60    

1 

1.80 

1.90 

■ 

1 

' (o) 

1... 

.10 
.10 

1       1.90 

'"'""\ 

-  .10 

1                1 

—  .10 

1 1.     ..    _ 

t 

River  Anoxen  Jan.  1  to  Apr.  1. 


a  Frozen. 
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OBEAT  FALLS   STATION   ON  SITN  RIVEB, 


This  station  is  located  on  Bun  Biver,  10  miles  above  its  month,  at 
Great  Falls,  Montana.  It  is  at  the  dam  of  the  Priest  liapids  Water 
Power  and  Irrigation  system.  The  vertical  rod  with  its  zero  corre- 
sponding to  the  crest  of  the  dam  is  fastened  to  the  north  abutment. 
The  observer  is  Mr.  I.  S.  Corson,  Great  Falls,  Montana.  A  discharge 
measurement  made  July  4, 1897,  at  the  highway  bridge  5  miles  above 
the  dam  gave  a  discharge  of  2,108  second-feet.  On  August  28  a  meas- 
urement was  made  at  the  wagon  bridge  in  the  outskirts  of  West  Great 
Falls  about  one-half  mile  above  the  junction  of  Sun  and  Missouri 
rivers.  The  gage  height  was  0.30  foot  and  the  discharge  362  seoond- 
feet. 

Daily  gage  Jmghi,  in  feet,  of  *Sun  Hirer  near  (ireat  Falh,  ^f on  tana,  for  1S97. 


Day. 


July,   i    Aug 


1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1.07 
1.09 
1.00 
1.06 
1.04 
1.02 

12 

13 

14 

15 

18 

LUg. 

Sept. 

0.64 

0.32 

.61 

.82 

.62 

.37 

.64 

.89 

.66 

.40 

.65 

.40 

.66 

.40 

.67 

.39 

.68 

.40 

.68 

.40 

.67 

.42 

.66 

.44 

.68 

.43 

.68 

.40 

.69 

.48 

.09 

.50 

t. : 

Day. 

50 

17 

52 

18 

50  1 

19 

49 

20 

50  ' 

21 

49 

22 

49 

23 

49 

24 

50 

25 

50  ' 

26 

52 

27 

5? 

28 

52' 

29 

50 

30 

50 

31 

52  ' 

1 

—  —    _   — 

—   — 

July. 

Aug. 

Sept. 

Oct. 

1.06 

0.71 

0.49 

0.51 

1.02 

.72 

.46 

.50 

.99 

.62 

.46 

.50 

.94 

.60 

.46 

.51 

.90 

.58 

.48 

.54 

.90 

.52 

.46 

.54 

.88 

.50 

.48 

.52 

.86 

.48 

.48 

.61 

.86 

.44 

.46 

.52 

.81 

.89 

.46 

.53 

.82 

.36 

.46 

.53 

.78 

.32 

.46 

.53 

.73 

.80 

.46 

.54 

.08 

.30 

.48 

.53 

.64 

.82 
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CHINOOK  STATION   ON  MILK  RITER. 

This  station  is  located  at  the  wagon  bridge  over  Milk  Biver^  1  mile 
south  of  Chinook,  Montana.  It  was  established  May  25,  1897.  The 
gage  rod  consists  of  a  vertical  timber,  marked  in  feet  and  tenths,  nailed 
to  the  Boath  abutment  of  the  bridge.  The  bench  mark  is  the  top  of  the 
inside  tie  rod  directly  over  the  gage  and  is  at  an  elevation  of  18.0  feet. 
The  measurements  at  this  point  do  not  give  the  total  discharge  of  the 
river,  as  quite  a  large  canal,  that  of  the  Fort  Belknap  Irrigation  Com- 
pany, is  taken  out  about  10  miles  above  the  station.  The  observer  is 
Fred  E.  Keill,  rancher.  Discharge  measurements  during  1897  were 
made  by  Eoe  Emery  as  follows: 

May  26,  gage  height,  1.40  feet;  discharge,  110  second-feet. 
July  3,  gage  height,  2.30  feet;  discharge,  460  second-feet. 
November  10,  gage  height,  0.72  foot ;  discharge,  34  second-feet. 


Daily  gage  height,  in  feet,  of  Milk  River  at  Chinook,  Montana,  for  1897. 


Day.  'May. 

Jane. 

Jnly. 

2.80 
2.60 
2.20 
2.00 
2.80 
2.40 
2.50 
2.60 
8.30 
8.10 
3.00 
2.80 
2.60 
2.20 
2.00 
1.80 

Aug. 

0.50 
.50 
.40 
.50 
.60 
.70 
.60 
.60 
.50 
.40 
.40 
.30 
.20 
.40 
.30 
.30 

Sept. 

0.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 

*    .10 
.10 
.10 
.10 
.20 

. 

Oct 

0.40 
.40 
.40  , 
.30 
.20 
.10  1 
.40 
.50 
.60 
.40 
.50  ' 
•  40  \ 
.40 
.40 
.60 
.40 

1 
Day. 

May. 

JuDe. 
8.95 

1 
July. 

1.00 
].80 
1.60 
1.40 
1.00 
.00 
1.00 
1.10 

Auj;. 

0.30 
.30 
.30 
.30 
.20 
.20 
.20 
.10 

Sept. 

0.40 
.60 
.60 
.70 
.70 
.60 
.50 
.40 
.30 
.20 
.20 
.30 
.20 
.20 

Oct. 
0.50 

1 

1.15 

1.10 

1.30 

1.30 

1.20 

1.10 

1.00 

.90 

.00 

.80 

.80 

1.00 

.00 

.80 

.80 

1.40 

17 

2 

...... 

18 

.30     ' 

3 

10 

8.00 
7.00 
6.40 
5.30 
5.00 
4.00 
3.40 
3.00 
3.10 
3.40 
3.00 
8.20 
...... 

.40    1 

4 

20 

.40    1 

6 

21 

.40 
.30 
.30 

6 

22 

7 

23 

8 

24 

0 

_.. .... 

25 

26 

27 

28 

20 

30 

81 

i 

1.40 
1.60 
1.60 
1.50 
1.50 
1.40 
1.20 

1.00  Ik   .10 

10 

.00  1 

.80 

.70 

.80 

.60 

.60 

.10 
.05 
.10 
.10 
.10 
*10 

11 

12.... 
13 

14 

15 

1«. . . . 

1 

,^, _     i 
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LIVINGSTON  STATION  ON  YELLOWSTONE  RIVER. 

This  station  is  located  at  the  highway  bridge  over  the  Yellowstone 
Biver,  5  miles  sooth  of  Livingston^  Montana,  at  the  month  of  the 
canyon.  It  was  established  May  2, 1897,  a  vertical  rod  fastened  to  the 
face  of  the  pier  being  first  used.  A  wire  gage  was  afterwards  estab- 
lished. Length  of  cable  18.30  feet;  palley  distance,  0.58  foot.  The 
bench  mark  is  the  head  of  the  2-inch  nut  on  the  center  pin  at  the  foot 
of  the  end  diagonal  of  the  truss,  east  pier,  upper  side,  and  is  13.44  feet 
above  datum.  The  left  bank  is  high,  and  will  not  overflow.  The  right 
bank  is  low,  and  during  floods  a  part  of  the  water  escapes  through  a 
slough  on  that  side,  and  has  to  be  measured  separately.  The  observer 
is  Thos.  S.  Garter,  rancher.  The  following  discharge  measurements 
were  made  by  Roe  Emery  during  1897 : 

April  30,  gage  height,  1.40  feet;  discharge,  3,270  second-feet. 
May  17,  gage  height,  4.50  feet;  discharge,  14,127  second-feet. 
Jane  15,  gage  height,  5.15  feet;  discharge,  16,282  second-feet. 
June  23,  gage  height,  4.50  feet;  discharge,  13,209  second -feet. 
July  8,  gage  height,  3.85  feet ;  discharge,  6,611  second-feet. 
July  24,  gage  height,  8.00  feet;  discharge,  5,971  second-feet. 
August  4,  gage  height,  2.65  feet;  discharge,  4,657  second-feet. 
September  23,  gage  height,  1.40  feet;  discharge,  2,121  second-feet. 
November  8,  gage  height,  0.90  foot;  discharge,  1,394  second-feet. 

Daily  gage  heighty  in  feet,  of  Yellowstone  River  at  l.iHngston,  Montana,  for  1897, 


Day. 


May. 


Jane. 


1. 
2. 
3. 
4. 
5. 

e. 
i. 

8. 

Q. 
10. 
11. 
12. 
13. 
U. 
15. 
16. 
17. 
18. 
10. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 


1.05 
2.25 
2.60 
3.06 
8.40 
3.76 
8.52 
8.00 
2.68 
2.58 
2.72 
3.02 
3.70 
4.22 
4.48 
4.55 
4.80 
4.05 
6.75 
6.10 
6.05 
5.86 
6.78 
6.10 
6.10 
6.60 
6.56 
5.65 
6.02 
5.96 


6.70 
6.88 
6.48 
6.10 
4.00 
4.75 
4.60 
4.90 
5.32 
6.12 
4.04 
5.02 
5.30 
5.32 
6.18 
6.12 
4.90 
4.70 
4.60 
4.45 
4.45 
4.45 
4.45 
4.88 
4.30 
4.80 
4.30 
4.28 
4.02 
3.98 


July. 


3.08 
4.20 
4.32 
4.20 
4.00 
3.92 
8.85 
3.82 
3.72 
8.62 
3.50 
3.50 
3.40 
3.45 
3.43 
3.35 
8.83 
3.30 
3.18 
8.15 
8.10 
3.08 
8.03 
3.05 
3.10 
8.06 
3.06 
2.98 
2.88 
2.86 
2.86 


Aug. 


2.80 
2.78 
2.68 
2.68 
2.70 
2.68 
2.70 
2.65 
2.66 
2.65 
2.()5 
2.60 
2.66 
2.48 
2.40 
2.88 
2.33 
2.30 
2.28 
2.20 
2.20 
2.15 
2.13 
2.10 
2.08 
2.05 
2.00 
2.00 
1.95 
1.06 
1.90 


Sept. 


1.88 
1.85 
1.80 
1.80 
1.80 
1.76 
1.75 
1.75 
1.70 
1.68 
1.60 
1.00 
1.60 
1.58 
1.60 
1.68 
1.66 
1.50 
1.50 
1.45 
1.45 
1.40 
1.40 
1.40 
1.38 
1.36 
1.36 
1.36 
1.32 
1.80 


Oct. 

Nov. 

Deo. 

1.30 
1.82 
1.35 
1.80 
1.30 
1.30 
1.30 

1.10 
1.10 
1.10 
1.05 
1.06 
1.10 

1 

**i.6o"| 

1.25 

1  26 

1 

1.25 

:::::::;i::::::  :! 

1.25 

1.30 
1.40 

l.SO 

1.46 
1.40 

.90 

1.30 

1.30 

1.30 
1.30 
1.25 

"Tio' 

.40 

1.25 

1.25 

1.25 

1 

1.28 
L26 

1 

.70 

1.26 
1.18 

1.00 

1.12 

1.12 

1.16 

1.16 

.85 
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MISCELLANEOUS  DISCHARGE  MEASUREMENTS  IN  MONTANA. 

During  1897  a  namber  of  discharge  measurements  shown  below 
were  made  on  streams  in  the  immediate  vicinity  of  Bozeman,  Montana, 
by  Boe  Emery  and  others,  at  points  where  no  gage  rods  were  established : 

Bozemam  Creek. — May  12,  discharge,  91  second-feet ;  May  29,  discharge,  60  aecoud- 
feet ;  Jnne  22,  discharge,  21  second-feet ;  Jnly  10,  discharge,  21  second-feet ;  July  23, 
discharge,  30  second-feet;  August  9,  discharge,  21  second-feet;  September  7,  dis- 
charge, 21  second-feet;  September  27,  discharge,  12  second- feet. 

Sockjf  Creek. — May  12,  discharge,  143  second- feet;  May  29,  discharge,  74  second- 
feet;  June  22,  discharge,  38  second-feet;  July  10,  discharge,  23  second- feet ;  July  25, 
discharge,  24  second-feet;  August  9,  discharge,  15  second-feet;  September  11,  dis- 
charge, 12  second- feet. 

Shields  River. — These  measurements  were  made  at  the  bridge  near  the  mouth  of 
the  river,  5  miles  east  of  Livingston :  May  17,  discharge,  1,708  second-feet ;  June  15, 
discharge,  883  second-feet ;  June  23,  discharge,  722  second-feet ;  July  8,  discharge, 
798  second-feet;  July  24,  discharge,  315  seoond-feet;  August  5,  discharge,  117  second- 
feet;  September  22,  discharge,  59  second-feet. 


MEETEETSE   STATION  ON  OBEY  BULL  BIVEB. 

This  station  is  located  at  the  highway  bridge  in  the  town  of  Mee- 
teetse,  Wyoming.  The  rod  is  fastened  to  the  first  pier  from  the  south 
bank  of  the  river.  The  bed  of  the  river  is  of  sandstone  and  bat  few 
places  can  be  fonnd  on  the  stream  where  the  water  is  not  a  torrent 
during  May  and  June.  The  channel  is  straight.  The  rod  was  estab- 
lished by  J.  E.  Hill  in  May,  1897.    A.  0.  Thomas  is  the  observer. 

The  following  discharge  measurements  were  made  by  Elwood  Mead 
and  0.  T.  Johnston  during  1897: 

Jane  11,  gage  height,  4.70  feet;  discharge,  1,435  second-feet. 
Angnst  23,  gage  height,  2.60  feet ;  discharge,  147  second-feet. 
August  26,  gage  height,  2.65  feet ;  discharge,  158  second-feet. 

Daily  gage  height,  in  feet,  of  Grey  Bull  Biver  at  Meeteetae,  Wyoming,  for  1897. 


Day. 

J  one. 

July. 

3.50 
4.05 
3.80 
3.70 
8.70 
8.60 
8.60 
3.50 
8.50 
3.40 
8.80 
3.50 
8.50 
8.40 
8.50 
8.56 

Aug. 

Sept. 

Day. 

June. 

Jnly. 

Aag. 

Sept. 

I 

3.30 
3.30 
3.40 
8.30 
8.00 
8.30 
3.20 
3.40 
3.30 
3.50 
3.20 
8.20 
8.80 
8.10 
3.00 
8.00 

2.80 
2.30 
2.30 
2.20 
2.10 
2.10 
2.00 
2.00 
2.00 
1.00 
1.00 
2.30 
2.40 
2.50 
2.50 
2.50 

17 

3.80 
3.50 
3.30 
3.40 
4.10 
4.30 
4.50 
4.10 
4.30 
4.30 
4.10 
4.00 
3.10 
3.50 

8.35 
3.85 
8.05 
3.15 
3.10 
3.05 
3.10 
8.10 
3.25 
3.25 
8.20 
2.95 
3.15 
8.10 
3.50 

2.00 
2.90 
2.90 
2.80 
2.80 
2.70 
2.70 
2.90 
2.80 
2.70 
2.60 
2.50 
2.40 
2.40 
2.30 

2.50 
2.50 
2.50 
2.50 
2.40 
2.40 
2.80 
2.20 
2.10 
2.10 
2.20 
2.20 
2.30 
2.30 

2 

18 

3 

10 

J::::::::::: 

20 

5 

21 

6 

22 

7 

23 

8    

24 

9      .     ... 

25 

10 

26 

11 

27 

12 

28 

13 

20 

14 

4.70 
4.80 
4.60 

30 

15 

31 

16 
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LOVBLL  STATION  ON  SHOSHONE  RIVER. 

This  station  is  located  at  Lovell,  Wyoming,  and  was  established  May 
23, 1897.  The  observer  is  Henry  OockrelL  The  rod  is  securely  fastened 
to  the  landing  pier  of  the  Lovell  ferry  on  the  south  side  of  the  river. 
The  channel  is  straight  for  some  distance  above  and  below  the  rod 
and  a  cross  section  there  has  a  uniform  depth.  The  bed  of  the  river  is 
stable. 

The  following  discharge  measurements  were  made  by  Elwood  Mead 
and  0.  T.  Johnston  in  1897 : 

May  24,  gage  height;  2.70  feet;  discharge,  8,736  second-feet. 
June  2,  gage  height,  2.40  feet;  discharge,  7,310  second  feet. 
September  15,  gage  height,  — 0.70  foot ;  discharge,  363  second-feet. 

Daily  gage  height,  in  feet,  of  Shoshone  River  at  Lovell,  Wyoming,  for  1897. 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


May. 


June.!  Jnly.  I  Aug. 


3.00 
2.40 
1.80 
1.40 
1.20 
1.10 
1.00 
1.70 
2.70 
2.10 
2.00 
2.30 
2.50 
2.60 
2.70 
2.80 


.50 
.90 
90 
.50 
.00 
.80 
.80 
.30 
.00 
.00 
.10 
.90 
.10 
.30 
.20 
.00 


0.30 

.10 

.10 

.10 

.10 

.00 

.00 

—.10 

—.10 

-.10 

.00 

—.10 

—.20 

—.20 

—.30 

—.30 


Sept. 


-0.70 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 

-  .70 
-.70 

-  .70 


Oct. 


—0.70 

—  .70 

—  .70 

—  .70 

—  .70 

—  .70 

—  .70 

—  .70 

—  .70 

—  .70 

—  .70 

—  .70 

—  .70 

—  .60 

—  .60 

—  .70 


Bay. 

May. 

June. 

July. 

Aug. 

Sept.     Oct. 

17 

2.00 
1.40 
1.00 
1.20 
1.80 
1.70 
2.00 

1.20 
.90 
.60 
.40 
.20 
.30 
.50 

—0.30 
.40 

—  .40 
.40 

—  .50 

—  .60 
-.60 

-0.70 

—  .70 

—  .70 
.70 

—  .70 
.70 

—  .70 

18 

19 

20 

21 

22 

23.... 

2.70 

24.... 

2.85 

1.80 

.40 

—  .50 

—  .70 

25. . . . 

2.70 

1.70 

.30 

.60 

-  .70 

26.... 

2.70 

1.90 

.20 

.60 

—  .70 

27.... 

2.10 

1.90 

.80 

.60 

.70 

28.... 

2.10 

1.50 

.20 

-.60 

—  .70 

29.... 

2.50 

1.30 

.10 

-  .60 

-.70 

30 

1.40 

.20 
.40 

.60 
—  .60 

—  .70 

31.... 

■ 
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SHERIDAN  STATIONS   ON   BIO  AND  LITTLE   GOOSE   CREEKS. 

These  stations  are  described  in  the  Eighteenth  Annual  Beport,  Part 
lY,  pages  136  and  137.  The  gage  on  Little  Goose  Greek  is  located  at 
Broadway  bridge  in  the  town  of  Sheridan,  Wyoming,  and  about  1,000 
feet  above  the  mouth  of  the  creek.  The  gage  rod  is  firmly  fastened  to 
the  piles  of  the  bridge.  The  channel  is  shifting,  being  composed  of  clay 
and  gravel. 

The  station  on  Big  Goose  Greek  is  located  in  the  northern  part  of 
Sheridan,  at  the  Fifth  avenue  bridge  crossing.  The  rod  is  securely 
fastened  to  the  bridge  piles  and  protected  from  injury  by  driftwood 
or  ice.  The  channel  is  shifting,  composed  of  clay  and  gravel.  The 
station  is  below  the  mouth  of  Little  Goose  Greek.  The  observer  for 
both  stations  is  Felix  O'Gonnor.  No  measurements  of  discharge  were 
made  of  either  creek  in  1897. 


Daily  gage  height,  in  feet,  of  Big  Goose  Creek  at  Sheridan,  Wyoming,  for  1897, 
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BUFFALO  STATION  ON  CLEAR  OBEEK. 


This  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  138,  is  located  about  4  miles  west  of  Buffalo,  Wyoming,  the  county 
seat  of  Johnson  County,  on  what  was  formerly  the  Fort  McKinney 
Military  Eeservation.  The  observer  is  Fred  Bond.  Measurements 
were  begun  iu  1889,  in  which  year  a  substantial  measuring  flume  was 
placed  in  the  channel  of  the  stream.  This  flume  is  24  feet  long,  30  feet 
wide,  with  sides  7  feet  high,  and  with  wings  at  the  sides  and  a  pitched 
apron  at  the  U[)per  end  12  feet  long.  The  floor  is  set  level  in  all  direc- 
tions, the  upstream  edge  being  even  with  the  grade  of  the  creek  chan- 
nel, and  the  lower  3  or  4  inches  above.  It  cost  $300,  and  although 
subjected  to  rough  usage  through  the  practice  of  floating  cord  wood 
and  timber  down  the  stream,  it  is  still  uninjured,  and  permits  of  more 
accurate  measurements  than  can  be  obtained  at  any  other  gaging 
station  in  the  State.  The  following  discharge  measurements  were 
made  by  Fred  Bond  during  1897 : 

January  3;  gage  height,  0.35  foot;  discharge,  20  second-feet. 
Febrnary  7,  gage  heigh t,  0.30  foot;  discharge,  17  second-feet. 
March  10,  gage  height,  0.40  foot;  discharge,  25  seoond-feet. 

« 

Daily  gage  height,  in  feet,  of  Clear  Creek,  at  Buffalo,  Wyoming,  for  1897. 


D»y. 
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2.22 
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1.00 

1.66 

1.47 
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1.93 
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1.79 
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1.57 
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1.83 
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1.20 

1.28 
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1.25 

1.29 

.90 

1.44 

1.80 

.90 

1.57 

1.30 

.90 

1.60 

1.30 

.86 

1.69 

1.30 

.85 

1.86 

1.30 

.90 

1.35 

1.30 

.00 

2.16 

1.30 

.95 

1.80 

1.15 

.90 

1.68 

1.20 
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1.71 
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1.93 

1.35 
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1.97 
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.85 

1.70 
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0.50 

....... .1 

.50 

1 

.50 

.50 

0.40 

0.46 

0.46 

.45 

.40 

.45 

.45 
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.40 
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CBAWPORD  STATION  ON  WHITE  RIVER. 


This  station  is  about  6  miles  soathwesterly  from  Crawford,  Nebraska, 
near  the  line  of  the  Fremont,  Elkhorn  and  Missouri  Yalley  Bailroad. 
It  was  established  on  June  2G,  1897t  by  O.  Y.  P.  Stout.  The  gage  is 
placed  against  a  stop  gate  in  the  canal  of  the  Crawford  Water  Power 
and  Irrigation  Company,  about  one-eighth  of  a  mile  below  the  head. 
All  the  water  of  White  Biver  is  diverted  into  this  canal,  and  only  an 
insignificant  amount  escapes  between  the  head  of  the  canal  and  the 
gage.  The  gage  was  placed  by  the  canal  company  and  is  a  vertical 
rod  graduated  to  tenths  of  a  foot.  The  observer  is  George  Barclay, 
ditch  rider  for  the  canal  company.  Discharge  measurements  were 
made  by  O.  V.  P.  Stout  and  A.  B.  McCoskey  in  1897,  as  follows: 

June  26,  gage  height.  0.42  foot;  discharge,  14.4  second-feet. 
July  21,  gage  height,  0.62  foot ;  discharge,  14.2  second-feet. 
August  14,  gage  height,  0.60  foot;  discharge,  12.1  second-feet. 
September  6,  gage  height,  0.40  foot;  discharge,  8.9  second-fee t. 
September  20,  gage  height,  0.62  foot;  discharge,  10.4  second- feet. 
September  21,  gage  height,  0.64  foot ;  discharge,  11  scoond-feet. 
October  18,  gage  beigbt,  0.89  foot;  discharge,  15  second-feet. 
November  5,  gage  height,  0.92  foot;  discharge,  16  second- feet. 

Daily  gage  heighiy  in  feet,  of  White  River  at  Crawford,  Xehraska,  for  1897, 
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FORT  NIOBRARA   STATION   ON  NIOBRARA  RIVER. 

This  station  was  established  July  22, 1897,  by  O.  V.  P.  Stout.  It  is 
about  three-quarters  of  a  mile  Tsouth westerly  from  Fort  Niobrara  and 
about  3  miles  east  of  Yalentine,  Nebraska.  The  gage  is  an  oak  rod 
2  by  4  inches,  graduated  to  tenths  of  a  foot,  and  fastened  in  a  vertical 
position  by  lag  screws  to  a  plumb  post  in  the  trestle  bent  which  serves 
as  the  west  pier  of  the  bridge.  The  zero  of  the  gage  is  9.08  feet  below 
the  top  of  the  short  cap,  at  the  shoe  of  the  north  truss  at  the  west  end 
of  the  bridge;  it  is  also  8.09  feet  below  the  top  of  the  north  end  of  the 
long  pile  cap,  below  the  cap  above  noted;  and  also  9.17  feet  lower  than 
the  top  of  the  west  side  of  the  iron  cap  of  the  north  cylinder  of  the 
center  pi^  of  the  bridge.  The  observer  is  Giacomo  Bevilaqua,  private, 
Company  F,  Twelfth  United  States  Infantry.  Discharge  measurements 
were  made  by  O.  V.  P.  Stout  and  Adna  Dobson  in  1897,  as  follows: 

June  24,  gago  height,  0.59  foot ;  discharge,  925  secoud-feet. 
July  22,  gage  height,  0.18  foot;  discharge,  883  secoud-feet. 
August  15,  gage  height,  0.38  foot;  discharge,  703  secoud-fet't. 
Septemher  5,  gage  height,  0.46  foot ;  discharge,  730  secoud-feet. 
October  16,  gage  height,  0.21  foot;  discharge,  845  seoond-feet. 

Daily  gage  height,  in  feet,  of  Niobrara  Biver  at  Fort  Niobrara,  Nebraska,  for  1897, 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


July.       Aug 


0.33 
.30 
.45 
.41 
.50 
.50 
.46 
.47 
.40 
.50 
.34 
.40 
.36 
.37 
.36 
.20 


Sei)t. 


0.41 
.38 
.36 
.41 
.46 
.41 
.39 
.34 
.45 
.47 
.45 
.45 
.40 
.50 
.42 
.45 


Oct. 


Bay. 


0.42 
.40 
.40 
.40 
.40 
.38 
.35 
.30 
.31 
.32 
.32 
.26 
.27 
.23 
.21 
.20 


17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


July.  I   Aug. 


0.51 
.46 
.50 
.44 
.41 
.44 
.44 
.44 
.40 
.40 


0.39 
.32 
.31 
.31 
.39 
.39 
.38 
.34 
.31 
.32 
.32 
.32 
.31 
.32 
.39 


Sept. 

Oct. 

0.41 

0.17 

.37 

.20 

.39 

.16 

.36 

.14 

.38 

.12 

.45 

.19 

.45 

.22 

.46 

.23 

.48 

.28 

45 
44 


.37 
.29 
.22 
.15 
.12 


DRAINAGE   BASIN   OP   THE   PLATTE   EIVER. 


81 


WOODS  LANDING  STATION  ON  LABAMIB  RIVER. 

This  station^  described  in  tlie  Eighteenth  Annnal  Report,  Part  lY, 
page  145,  is  located  at  Woods  Landing,  Wyoming,  26  miles  irom 
Laramie,  Wyoming,  and  reached  by  stage.  The  measurements  of  dis- 
charge are  made  from  a  wagon  bridge  which  spans  the  river  at  a  point 
about  400  feet  below  the  location  of  the  gage  rod.  The  bottom  of  the 
stream  is  composed  of  large  granite  bowlders.  This  character  of  bot- 
tom, while  it  renders  the  shape  and  slope  of  channel  practically 
unchangeable,  at  the  same  time  adds  an  element  of  uncertainty  to  the 
gaging  results,  especially  at  low-water  stages.  The  permanent  gage 
rod  is  fixed  to  a  perpendicular  post  set  firmly  in  the  bed  of  the  stream 
and  braced  at  the  top  to  adjacent  trees.  It  stands  about  4  feet  from 
the  river  bank  in  a  position  which  protects  it  from  drift.  The  bench 
mark  is  a  nail  head  in  a  notch  on  a  cottonwood  tree,  1  foot  in  diameter, 
6  feet  from  the  rod,  and  is  level  with  the  7-foot  mark  on  the  rod.  The 
observer  is  S.  S.  Wood.  The  following  discharge  measurements  were 
made  by  0.  T.  Johnston  in  1897: 

April  10,  gage  height,  0.70  foot;  discharge,  69  secoud-fcet. 
May  12,  gage  height,  2.30  feet;  discharge,  1,110  second-feet. 
May  25,  gage  height,  4.10  feet;  discharge,  3,538  second-feet. 
Jane  1,  gage  height,  3.60  fei^t ;  discharge,  2,509  seoond-feet. 
Jane  2,  gage  height,  3.75  feet;  discharge,  2,651  second-feet. 
June  14,  gage  height,  2.65  feet;  discharge,  1,432  second-feet. 
Jnne  26,  gage  height,  2.00  feet;  discharge,  707  second-feet. 
June  27,  gage  height,  2.00  feet;  discharge,  706  second-feet. 

Daily  gage  height  ^  infect,  of  Laramie  River  at  IFooda  Landing,  jygoming,  for  1S07. 
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UVA   STATION  ON  LABAIOE  RIVER. 

ThM  Btation,  described  iu  the  Eigfatoentb  Auuual  Seport,  Part  lY, 
page  148,  is  on  the  line  of  the  Oheyeone  Northern  Bailway^  about  1 
mile  from  the  town  of  Uva,  Wyoming.  The  observer  is  the  railway 
section  man,  J.  A.  Garley.  The  rod  is  fixed  to  the  side  of  one  of  the 
claster  of  piles  in  mid-channel  which  supports  the  railroad  bridge.  As 
the  section  here  is  not  a  suitable  place  to  make  the  discharge  measure- 
ments, they  are  made  at  the  wagon  bridge  which  crosses  the  stream 
with  one  clear  span  about  1^000  feet  below  the  railroad  bridge.  Here 
the  river  has  a  sufficient  straight  stretch  above  and  below  the  bridge 
to  insure  a  uniform  current.  The  bed  of  the  river  is  sandy  and  liable 
to  change  during  high  water.  The  bench  mark  is  a  spike  head  on  south 
side  of  pile  at  east  end  of  railroad  bridge.  It  is  11.95  feet  above  zero 
of  gage.  The  followiug  discharge  measurements  were  made  by  O.  T. 
Johnston  in  1897 : 

April  12,  gage  lieigbt,  1.85  feet';  discharge,  205  seoond^feet. 
May  4,  gage  height,  3.00  feet;  discharge,  830  second-feet. 
May  14,  gage  height,  3.10  feet;  discharge,  748  second- feet. 
May  15,  gage  height,  3.00  feet;  discharge,  742  second-feet. 
May  21,  gage  height,  3.70  feet;  disoharge,  1,160  second-feet. 
May  29,  gage  height,  5.15  feet;  discharge,  2,432  second-feet. 
June  8,  gage  height,  4.05  feet;  discharge,  1,365  second-feet. 
June  19,  gage  height,  8.35  feet;  discharge,  817  second-feet. 
June  22,  gage  height,  2.45  feet;  discharge,  500 second-feet. 
July  10,  gage  height,  1.05  feet;  discharge,  44  second-feet. 

Daily  gaffe  height  j  in  feet,  of  Jxiramie  River  at  Uvay  Wyoming ,  for  1897, 
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Apr. 


2.60 
2.60 
3.70 
8.60 
3.60 
2.40 
1.80 
1.70 
1.00 
1.60 
1.50 
1.70 
1.80 
1.80 
1.80 
2.00 
2.00 
4.30 
4.00 
4.10 
4.40 
4.00 
3.00 
3.70 
3.40 
3.10 
3.00 
3.00 
2.90 
8.00 


May. 


3.00 
3.20 
8.10 
3.00 
8.00 
8.20 
3.20 
3.10 
2.90 
3.20 
8.30 
8.60 
3.30 
3.20 
3.00 
2.90 
3.00 
2.90 
3.10 
3.20 
3.60 
4.10 
4.70 
4.90 
5.10 
5.20 
5.30 
5.30 
6.20 
4.10 
4.80 


Jane,  i  July. 


4.90 
5.00 
5.20 
5.00 
4.10 
4.80 
4.80 
4.40 
3.80 
8.40 
3.30 
3.70 
4.10 
3.80 
3.80 
3.70 
3.60 
3.80 
2.80 
2.80 
2.80 
2.60 
2.30 
2.00 
1.00 
1.50 
1.70 
1.60 
1.60 
1.50 


I 


1.50 

L40 

1.40 

1.30 

1.90 

LOO 

1.00 

.90 

.90 

.90 

1.00 

1.00 

1.00 

1.00 

.90 

.90 

.OO* 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.80 

.80 

.80 

.80 

.80 

.80 

.90 


Aug.      Sept. 


Oct. 


0.80 

.70 

1.00 

2.06 

8.40 

1.60 

1.50 

1.40 

1.40 

1.40 

2.60 

2.40 

2.00 

1.60 

1.40 

1.20 

1.10 

1.10 

1.00 

t.OO 

1.00 

1.00 

1.00 

1.00 

1.00 

.90 

.90 

.90 

.90 

.80 

.80 


0.80 
.80 
.80 
.70 
.70 
.70 
.66 
.65 
.65 
.65 
.65 
.65 
.60 
.60 
.55 
.55 
.55 
.60 
.60 
.65 
.66 
.65 
.60 
.60 
.60 
.60 
.60 
.60 
.67 
.67 


0.60 
.60 
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ORIN  JUNCTION  STATION  ON  NORTH  PLATTE  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  iteport,  Part  lY, 
page  150,  is  located  at  the  bridge  of  the  Cheyenne  Northern  Eailway, 
near  Orin  Junction,  Wyoming.  The  rod  is  fixed  upon  the  mid-channel 
pier  of  the  railway  bridge,  and  is  connected  with  the  following  perma- 
nent b^ich  mark:  Spike  on  top  of  cap  on  the  set  of  piles  nearest  the 
water  at  east  end  oi  bridge  is  11.52  feet  above  datum.  The  bed  of  the 
stream  is  composed  of  heavy  gravel  and  sand,  the  cross  section  being 
quite  uniform.  The  channel  is  straight  for  some  distance  above  and 
below  the  station.  The  section  boss,  P.  J.  Bums^  is  employed  as 
observer.  The  stream  at  this  station  is  divided  into  two  i)ennanent 
main  channels  by  the  bridge  pier,  and  at  high  water  there  is  a  third 
channel  to  the  west  of  the  second  pier  across  which  the  bridge  rests  on 
piles,  and  at  a  certain  stage  of  water  a  long  cobble  bar  running  down 
to  the  bridge  divides  this  third  channel  into  two,  thus  making  at  times 
four  channels  altogether.  The  following  discharge  measurements  were 
made  in  1897  by  O.  T.  Johnston: 

April  13,  gage  height,  2.57  feet;  discharge,  1,710  second-feet. 
May  3,  gage  height,  5.50  feet;  discharge  8,751  secoad-feot. 
May  13,  gage  height,  5.40  feet;  discharge,  10,434  second- feet. 
May  20,  gage  height,  5.90  feet ;  discharge,  13,471  second-feet. 
May  28,  gage  height,  6.60  feet;  discharge,  16,320  second-feet. 
June  7,  gage  height,  5.55  feet;  discharge,  11,622  second -feet. 
Jnne  18,  gage  height,  5.25  feet;  discharge,  10,100  second- feet. 
Jane  21,  gage  height,  4.90  feet ;  discharge,  8,424  second-feot. 


Daily  ga§e  height,  in  feet,  of  North  Platte  River  at  Orin  JnnotioUf  Wyoming,  for  1807, 


i 
Day.                : 

Jan.        l*eb.       Mar. 

Apr.    1 

May. 

June. 

July. 

Aug. 

Sept. 

1 

] 

2.88 
2.78 
2.68 

5.68 

"'"6.62' 
5.60 
5.68 
5.78 
5.08 
6.12 

...  .... 

6.20 
6.10 
5.00 
5.55 
5.82 
5.15 

'6.82' 
5.60 
5.85 
6.98 
6.08 
6.25 

"'h'.io 

6.85 
7.00 
7.18 
7.20 
7.06 

**"6*78" 

6.45 
6.18 
6.40 
7.00 
6.90 

''5.45* 
5.15 
4.05 
4.75 
4.65 
5.10 

"'i'ib' 

5.35 
5.35 
5.25 
5.26 
5.00 

'"4.' 36' 
4.15 
8.98 
8.88 
3.80 
3.80 

"S.'78' 
3.60 
3.48 

3.38 
3.85 
8.22 

'"a."  36' 

8.82 
3.32 
8.15 
2.90 
2.65 

""'2."  42" 
2.32 
2.30 
2.90 
2.28 
2.18 

""iii* 

2.32 
2.15 
2.02 
2.00 
2.00 

"T92" 
1.82 
1.72 
2.62 
2.52 
1.42 

•  f 

1.40 
1.32 
1.78 
1.75 
1.78 
2.62 

"2."  08' 
2.08 
2.00 
1.88 
1.78 
2.15 

"i.78" 
1.52 
1.45 
1.35 
1.30 
1.22 

"'i."i2* 

1.02 
.92 
.82 
.80 
.88 

'"'.'so' 

.78 

0.72 
.70 
.70 
.70 

"'"."76"' 
.70 
.70 
.62 
.60 
.60 

"'.*82'* 
.78 
.68 
.58 
.50 
.50 
.65 
.62 
.62 
.60 
.60 
.60 
.60 

Vis  ■ 

.65 
.66 
..52 

2 

1.90 

8 

4 

1 

5 

................. 

2.62 
2.52 
2.42 
2.82 
2.25 
2.20 

6 

2.05 

2.30 

7 

"•  **" 

8 

1.60 

1 

9 

10 

11 

12 r 

2.42 
2.55 
2.68 
2.78 
3.12 
8.82 

13 

2.05 

2.40 

14 

15 

1.50 

16 

1 

17 

1.! 

18 

1 

19 

4.48 
4.65 
5.25 
6.00 
6.85 
5.50 

20 

2.20        2.70 

21 

22 

23 

24 

1.75 

25 

26 

4.48 
4.68 
4.90 
5.85 
5.58 

27 

2.16 

L66 

28 

1.75 

29 

30 

31 

8.15 

84 


OPERATIONS   AT   RIVER   STATIONS,  1897. 


GBRING  STATION  ON  NORTH  PLATTE  RIVER. 


This  station  is  located  about  1  mile  north  of  Geriug,  Nebraska,  and 
was  established  May  29,  1897,  by  A.  B.  McCoskey,  assistant  Statue 
engineer.  The  gage  is  on  the  west  side  of  the  bridge  within  a  few  feet 
of  the  sonth  edge  of  the  main  channel  of  the  river,  and  is  a  vertical 
rod  graduated  to  tenths  of  a  foot,  and  fastened  to  the  bridge  pile.  The 
zero  of  the  gage  is  6.61  feet  below  a  nail  head  on  top  of  the  west  end 
of  the  first  cap  at  the  south  end  of  the  bridge.  The  observer  is  0.  D. 
Snyder,  who  is  manager  of  the  mill  near  the  gage.  Discharge  meas- 
urements were  made  in  1897  by  O.  Y.  P.  Stout  and  A.  B.  McGoskey  as 
follows: 

May  29,  gage  height  3.28  feet ;  discharge,  23,364  socond-feot. 
September  11,  gage  height  0.90  foot;  discharge,  500  Heooiid-feet. 
November  2,  gage  height  1.02  feet;  discharge,  661  secoud-feet. 

Daily  gtuje  height y  in  feet,  of  North  Platte  Hirer  at  Geringy  Nebraska,  for  1897, 


Day. 


May, 


I 

3.00 

2 

3.00 

3 

3.12 

4 

3.30 

5 

3.35 

c 

7 

8 

0 

10 

11....' 

12......  ... 

i3.::.i 

14 I 

» 

15 , 

Xo«  •«•' 

Juue.I  July. 


1.80 
1.80 
1.80 
1.70 
1.70 
l.fiO 
1.50 
1.50 
1.60 
1.70 
1  50 
1.40 
1.40 
1.30 
1.30 
1.30 


Aug. 


1.20 
1.10 
1.10 
1.20 
1.10 
1.10 
1.10 
1.80 
1.30 
1.50 
1.80 
1.80 
1.30 
1.40 
1.40 
1.40 


Sept 


1.10 

1.10 

1.10 

1.00 

l.OU 

1.00 

1.00 

.90 

.00 

.M 

.90 

.90 

.00 

.90 

.90 

.90 


Oct. 


0.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.85 
.85 
.85 
.00 
.00 
.00 
.00 


Day.    I  May. 


17. 
18. 
10. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
20. 
30. 
31. 


3.50 
3.30 


Juue. 


July 


1.30 
1.40 
1.50 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.80 
1.30 
1.20 
1.20 


Aug. 

Sept. 

iyet. 

1.40 

0.90 

0.05 

1.30 

.00 

.96 

1.20 

.00 

.95 

1.20 

.00 

.05 

1.10 

.00 

.06 

1.10 

.85 

.05 

1.00 

.85 

.05 

1.00 

.85 

1.00 

1.00 

.85 

1.00 

.00 

.85 

1.00 

.00 

.85 

.06 

.00 

.85 

.05 

.00 

.80 

.05 

.00 

.80 

.05 

.00 

■«■••• 

......a. 

........ 
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CAMP  CLAKKB  STATION  ON  NORTH  PLATTE  EIYEB. 

This  Station,  described  in  the  Eighteenth  Annaal  Report,  Part  lY, 
page  153,  is  located  on  the  right  bank  of  the  river,  about  40  feet  above 
the  bridge  at  Gamp  Clarke,  iN'ebraska.  The  observer  is  Bobert  H. 
Willis,  county  surveyor  of  Cheyenne  County,  Nebraska,  who  lives 
about  1  mile  from  the  gage.  The  gage  consists  of  an  oak  piece,  2  by  4 
inches,  10  feet  long.  It  is  fastened  to  cross-ties,  which  are  bedded  in 
the  bank  of  the  river.  The  face  of  the  rod  is  inclined  at  an  angle  of 
30  degrees  to  the  horizontal,  so  that  2  feet  along  the  rod  are  equal  to  1 
foot  in  the  vertical,  and  the  rod  is  graduated  accordingly.  The  channel 
at  the  station  is  fairly  straight,  above  and  below.  The  bed,  as  else- 
where along  this  river,  is  of  loose,  coarse  sand.  Two  bench  marks 
were  established.  The  first  consists  of  a  spike  which  is  driven  hori- 
zontally in  the  northeast  side  of  the  downstream  pile  of  the  bent  at  the 
north  end  of  the  first  truss  span  on  the  south  end  of  the  bridge.  This 
spike  is  7.55  feet  above  the  zero  of  the  gage.  The  second  bench  mark 
is  a  jH>mt  on  the  southeast  corner  of  the  window  sill  at  the  front  of  the 
store.  This  point  is  9.74  feet  above  the  zero  of  the  gage.  A  measure- 
ment of  discharge  was  made  at  this  station  by  O.  Y.  P.  Stout  on  Sep- 
tember 12, 1897.    Gage  height  2.11  feet;  discharge,  551  second  feet. 

Daily  gage  height,  in  feet,  of  North  Platte  River  at  Camp  Clarke^  Nebras1:a,for  1897. 


Day. 


1 

2. 

3. 

4. 

5. 


S 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aug. 
2.30 

Sept. 

2.91 

2.89 

2.80 

2.85 

4.20 

4.55 

3.35 

2.20 

2.90 

2.89 

2.76 

2.82 

4.26 

4.50 

3.30 

2.35 

2.19 

2.90 

2.89 

2.72 

2.81 

4.20 

4.51 

3.15 

2.60 

2.19 

2.85 

2.89 

2.74 

2.78 

4.25 

4.68 

3.10 

2.52 

2.20 

2.85 

2.89 

2.78 

2.74 

4.26 

4.90 

3.03 

2.45 

2.18 

2.80 

2.89 

2.T8 

2.68 

4.25 

5.00 

2.90 

2.50 

2.14 

2.80 

2.89 

2.85 

2.75 

4.32 

4.78 

2.91 

2.54 

2.13 

2.80 

2.89 

2.79 

2.84 

4.25 

4.50 

2.91 

2.12 

2.80 

2.80 

2.55 

2.80 

4.35 

4.27 

3.05 

2.61 

2.12 

2.80 

2.89 

2.46 

2.65 

4.30 

4.10 

3.05 

2.79 

2.10 

2.80 

2.89 

2.30 

2.76 

4.50 

3.95 

2.97     2.79 

2.10 

2.84 

2.89 

2.20 

2.80 

4.46 

3.87 

2.  90     2.  65 

2.10 

2.84 

2.89 

2.12 

2.60 

4.40 

4.00 

2. 90     2.  68 

2.13 

2.84 

2.83 

2.75 

4.36 

4.03 

2.80 

2.67 

2.12 

2.85 

2.80 

2.57 

2.75 

4.17 

4.10 

2.75 

2.60 

2.15 

2.87 

2.75 

2.59 

2. 77     4. 07 

4.03 

2.  65     2.  54 

2.15 

2.87 

2.65 

2,57 

2.75 

3.94 

4.05 

2. 57     2.  50 

2.16 

2.89 

2.76 

2.52 

2.79 

4.05 

4.10 

2.92 

2.49 

2.14 

2.80 

2.86 

2.45 

2.90 

4.0'i 

4.08 

2.92 

2.43 

2.17 

2.89 

2.90 

2.40 

3.30 

4.25 

4.08 

2. 68     2. 35 

2.15 

2.89 

2.85 

2.40 

3.60 

4.33 

3.89 

2.60 

2.29 

2.13 

2.89 

2.85 

2.42 

3.68 

4.26 

3.89 

2.62 

2.10 

2.89 

2.85 

2.45 

3.95 

4.37 

3.65 

2.60 

2.30 

2.09 

2.89 

2.85 

2.43 

4.28 

4.56 

3.62 

2.65 

2.24 

2.10 

2.89 

2.85 

2.45 

4.28 

7.72 

3.47 

2.58 

2.25 

2.09 

2.89 

2.85 

2.42 

3.95 

4.78 

3.50 

2.52 

2.22 

2.10 

2.89 

2.85 

2.43 

3.88 

4.77 

3.49 

2. 67  1  2.  20 

2.11 

2.89 

2.80 

2.41 

3.80 

4.72 

3.51 

2. 62     2. 22 

2.10 

2.89    

2.42 

3.88 

4.74 

3.57 

2. 56  ,  2. 22 

2.11 

2.89    

2.45 

4.00 

4.70 

3.40 

2.  45  !  2. 18 

2.06 

2.89    

2.80 

4.67 

2. 40     2. 20 

2.03 
2.02 
2.05 
2.04 
2.05 
2.00 
2.06 
2.08 
2.08 
2.06 
2.12 
2.10 
2.10 
2.10 
2.11 
2.11 
2.11 
2.12 
2.11 
2.15 
2.20 
2.21 
2.19 
2.18 
2.19 
2.21 
2.22 
2.20 
2.21 
2.21 
2.21 
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(H'EBATIONB  AT  RIVER   STATIONS,  18»7. 


NORTH  PLATTE  STA9ION  ON  NORTH  PLATTB  RITUR. 

Tills  statioH,  described  in  tbe  Sigbte^ith  Annoal  Beport,  Part  IV, 
page  15G,  is  located  at  the  wagoii  bridge  1  mile  iKMi^  of  tlie  tow^n  of 
North  Platte,  Nebraska.  The  water^  excq»t  in  timeg  of  ftood,  does  not 
pass  under  all  the  spans  of  the  long  bridge,  bat  nsaally  the  greater 
part  flows  under  two  or  three  of  these,  speading  out  in  shallow  pools 
or  streamlets  under  others.  Th&  initial  point  for  soundings  is  on  the 
right  bank.  The  channel  is  nearly  straight  for  about  500  feet,  b<M^h 
above  and  below  the  station.  The  gage  is  at  the  railroad  bridge  2 
miles  below  the  wagon  bridge.  The  zero  is  12.00  feet  below  tlte  top 
and  immediately  under  the  east  rail  of  the  track.  'Tlie  observer  is 
Fred  Hanlon.  The  following  measurements  of  discharge  were  made  by 
0.  P.  Boss,  in  1807 : 


Date. 


Apr.  5.. 
Apr.  12. 
Apr.  2(S. 
May  17 . 
May  29. 
June  10 


Gage 
hoiglit 

Dis- 
charge. 

Feet. 

See./L 

2.70 

4,038 

2.80 

2,961 

3.45 

10,328 

3.50 

13,486 

4.05 

20,796 

3.95 

17,172 

Date. 


Jilue  19 
June  29 
July  10. 
July  24. 
Aug.  7  . 
Aug.  21 


Feet. 

3.35 

3.05 

2.25 

2.05 

2.40 

2.15 


Dis- 
charge. 


Hec.fl. 

11,393 
6,518 
4,112 
2,940 
3,118 
2,306 


Dale. 


Sept.  4  . 
Sept.  18 
Oct.  6.. 
Oct.  18. 
Nov.  11 


hei^t. 

Feet. 

1.65 
1.70 
1.50 
1.90 
1.90 


Dia- 

cbarge. 


See.fL 

679 

744 

486 

1,343 

1,511 


Daily  (jage  height,  in  feet,  of  North  Platte  River  at  North  Plaite,  Nebraska,  for  1S97. 


Day. 

Jau. 

2.90 
2.85 
3.  GO 
2.96 
3.00 
3.06 
3.10 
3.16 
3.20 
3.16 
3.16 
3.16 
3.26 
a.  26 
3.15 
3.20 
3.20 
3.20 
3.20 
3.20 
3.15 
3.05 
2.00 
2.80 
2.80 
2.00 
2.00 
2.90 
2.90 
2.90 
2.90 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

u 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

2.80 
2.80 
2.80 
2.90 
3.85 
2.85 
2.86 
2.85 
2.05 
3.06 
3.15 
3.15 
3.20 
3.26 
3.25 
3.35 
3.35 
3.85 
S.3S 
8.85 
3.35 
3.25 
3.15 
3.05 
2.25 
2.30 
2.30 
2.30 


2.60 
2.60 
2.76 
2.85 
2.90 
8.00 
3.05 
3.10 
8.15 
3.25 
3.35 
2.45 
2.60 
2.40 
2.80 
2.25 
2.40 
2.55 
2.25 
2.20 
2.45 
2.40 
2.40 
2.80 
2.05 
2.06 
2.20 
2.10 
2.05 
2.15 
2.20 


Apr. 


2.30 
2.65 
2.75 
2.76 
2.86 
2.70 
2.75 
2.86 
2.76 
2.65 
2.66 
2.80 
2.66 
2.65 
2.45 
2.25 
2.25 
2.80 
2.80 
2.35 
2.66 
2.85 
2.85 
8.06 
3.26 
8.46 
3.65 
3.35 
8.25 
3.20 


May. 

June. 

3.20 

4.10 

8  20 

4.06 

3.26 

4.05 

3.60 

3.90 

3.50 

3.90 

3.46 

3.90 

3.50 

4.10 

3.50 

4.26 

3.65 

4.15 

8.60 

3.90 

3.00 

3.86 

8.06 

3.85 

3.65 

3.66 

3.00 

3.40 

8.66 

3.25 

8.46 

3.86 

3.56 

8.85 

3.46 

3.45 

3.45 

8.85 

3.66 

3.36 

3.60 

8.86 

8.5S 

3.86 

8.55 

3.35 

8.60 

3.25 

8.70 

3.26 

8.86 

8.10 

4.00 

3.06 

4.06 

3.10 

4.05 

8.06 

4.10 

8.05 

4.05 

Jaly. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

2.96 

1.86 

1.75 

1.60 

2.00 

2.30 

^80 

1.85 

1.76 

1.50 

1.00 

2.20 

2.76 

1.86 

1.70 

1.50 

1.80 

2.30 

2.66 

1.90 

1.66 

1.60 

1.70 

2.30 

2.55 

1.95 

1.60 

1.50 

L70 

2.80 

2.50 

2.45 

1.66 

1.50 

1.80 

2.80 

2.40 

2.40 

1.56 

1.60 

1.90 

2.30 

2.35 

2.50 

1.45 

1.50 

1.90 

2.30 

2.45 

2.40 

1.45 

1.50 

2.00 

2.40 

2.26 

2.45 

1.60 

1.66 

2.00 

2.45 

2.10 

2.50 

1.65 

1.65 

1.00 

2.60 

2.15 

2.35 

1.70 

1.66 

1.00 

2.65 

2.35 

2.20 

LOO 

1.70 

1.90 

2.70 

8.10 

2.30 

1.66 

1.65 

1.90 

2.70 

2.06 

2.45 

1.60 

1.70 

1.90 

2.80 

2.]5 

2.36 

1.66 

1.80 

1.90 

2.80 

2.15 

2.35 

1.66 

1.85 

2.00 

2.00 

2.20 

2.35 

L66 

1.90 

2.00 

2.90 

2.16 

2.80 

1.60 

1.00 

2.00 

2.90 

2.35 

2.20 

1.60 

1.80 

2.00 

2.90 

2.16 

2.15 

1.60 

1.80 

2.00 

2.90 

8.25 

2.16 

1.60 

1.70 

1.05 

2.00 

2.40 

1.05 

1.65 

1.70 

2.00 

2.80 

2.05 

1.90 

1.50 

1.70 

2.00 

2.80 

2.00 

1.85 

1.55 

1.70 

1.80 

2.70 

1.95 

1.86 

1.66 

1.85 

1.95 

2.70 

1.95 

1.80 

1.50 

1.90 

2.16 

2.70 

1.96 

1.80 

1.50 

2.20 

2.80 

100 

1.05 

1.75 

1.50 

2.25 

2.30 

2.70 

1.90 

1.70 

1.50 

2.20 

2.30 

2.80 

1.86 

1.70 

2.06 

2.80 

DRAmAOE   BASIN   OP   THE   PLATTE   RIVEB. 
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DEAKSBITBY  STATION  ON  SOUTH  PLATTE  HrTOB. 


This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  IV, 
page  159,  is  located  about  1,000  feet  southwest  of  Deansbury,  Colorado. 
The  discharge  measurements  are  made  from  a  footbridge  crossing  the 
stream.  The  gage  rod  is  vertical.  An  automatic  register  is  also  used. 
Both  banks  are  high  and  not  liable  to  overflow. 

Station  No.  2  is  located  about  300  feet  above  station  No.  1,  and  is  used 
during  the  summer  months,  being  a  more  desirable  point  for  high- water 
measurements  than  station  No.  1.  The  gage  consists  of  a  2  by  4  inch 
inclined  timber.  The  railroad  embankment  forms  the  right  bank,  while 
the  left  is  low  and  subject  to  overflow  at  high  water.  The  bed  of  'the 
stream  is  rocky  and  not  liable  to  change.  The  following  measurements 
of  discharge  were  made  by  L.  R.  Hoi)e  in  1897 : 

At  StatioQ  No.  1 : 

January  8;  gage  height,  2.75  feet ;  dlHchargo,  79  second-feet. 

January  16,  gage  height,  2.68  feet;  discharge,  85  seoond-fcet. 

January  22,  gage  height,  2.56  feet ;  discharge,  68  second- feet. 

January  31,  gage  height,  2.33  feet;  discharge,  55  second-feet. 

February  17,  gage  height,  2.58  feet;  discharge,  71  second-feet. 

March  1,  gage  height,  2.75  feet ;  discharge,  90  second  feet. 

March  11,  gage  height,  2.82  feet;  discharge,  103  second-feet. 

March  20,  gage  height,  2.75  feet;  discharge,  92  second-feet. 

March  27,  gage  height,  3.40  feet ;  discharge,  165  second-feet. 

April  8,  gage  height,  4.17  feet;  discharge,  200  second-feet. 
At  SUtion  No.  2 : 

April  17,  gage  height,  2.02  feet;  discharge,  342  second- feet. 

April  22,  gage  height,  2.62  feet;  discharge,  510  second-feet. 

^*y  3,  gage  height,  3.05  feet;  discharge,  648  second-feet. 

^*y  ^f  gage  height,  3.50  feet;  discharge,  831  second- feet. 

May  23,  gage  height,  4.15  feet;  discharge  1,006  second-feet. 

June  10,  gage  height,  3.85  feet ;  discharge,  985  second-feet. 

July  1,  gage  height,  3.15  feet;  discbarge,  678  second-feet. 

Dmly  ffoge  height,  in  f set,  of  Sonih  Platte  Rirer  at  DeaHshury,  Colorado,  for  1897, 


Day. 

Jon. 

Feb. 
2.38 

Mar. 
2.03 

Apr. 
3.83 

May. 
2.92 

Jnne. 
6.25 

1 
Day. 

17 

Jan. 

Feb. 

Mar. 

Apr. 
2.16 

May. 
3.82 

Juno. 

1.... 

2.74 

2.70 

2.56 

2.95 

4.13 

2.... 

2.78 

2.30 

2.08 

8.80 

2.97 

4.89 

18 

2.70 

2.50 

2.99 

2.42 

3.94 

3.97 

3.... 

S.70 

2.42 

8.67 

3.05 

3.05 

4.66 

19 

2.69 

2.55 

2.96 

2.64 

3.92 

3.79 

4.... 

2.80 

2.41 

2.80 

4.11 

2.97 

4.40 

20 

2.67 

2.34 

2.81 

2.81 

4.04 

3.55 

6.... 

2.80 

2.40 

2.71 

4.23 

3.80 

4.20 

21 

2.63 

2.50 

2.90 

2.80 

4.16 

3.60 

«.... 

2.80 

2.30 

2.74 

4.22 

3.00 

4.26 

22 

2.56 

2.72 

2.78 

2.55 

3.95 

3.96 

7-... 

2.80 

2.41 

2.80 

4.03 

3.26 

4.19 

23 

2.55 

2.63 

2.47 

2.45 

4.07 

3.60 

8.... 

2.80 

2L75 

2.78 

1.65 

8.30 

8.98 

24 

2.63 

2.57 

2.65 

2.38 

4.32 

3.88 

»  ... 

2.C2 

2.58 

2.70 

1.66 

3.42 

3.89 

25 

2.91 

2.56 

2.91 

2.88 

4.48 

3.32 

10.... 

2.CS 

2.se 

2.56 

1.64 

3.45 

8.85 

26 

3.06 

2.55 

3.20 

2.49 

4.48 

3.89 

IK... 

2.83 

2.  ft 

2.80 

1.75 

3.61 

418 

27 

2.41 

2.60 

3.43 

2.77 

4.77 

8.60 

12.... 

2.63 

3.60 

2.73 

1.77 

3.94 

4.20 

28 

2.32 

2.57 

3.64 

2.02 

4.53 

3.58 

».... 

285 

2.W 

2.70 

1.68 

8.98 

4.28 

29 

2.30 

3.84 

2.95 

4.69 

3.65 

14.... 

2.83 

8.62 

2.82 

1.75 

3.95 

4.23 

30 

2.34 

3.00 

2.94 

4.98 

3.50 

l0»B  .. 

2.63 

3.56 

2.82 

1.83 

8.95 

4.87 

81 

2.83 

3.72 

6.19 

16.... 

2.86 

2.50 

2.01 

1.87 

4.08 

4.38 

■ 

Register  move  to  station  Ko.  2,  April  8. 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


DENVER  STATION  ON  SOUTH  PLATTE  RIVER. 

This  station,  described  iu  the  Eighteenth  Aiiuaal  Eeport,  Part  IV, 
page  162,  is  located  at  the  Fifteenth  street  bridge,  Denver,  Colorado, 
immediately  below  the  mouth  of  Cherry  Creek.  The  inclined  gage  con- 
sists of  tVo  G  by  2  inch  planks  spiked  together  and  fastened  to  posts 
driven  into  the  river  bank.  Also,  a  short  vertical  rod  is  spiked  to  a 
pile  near  left  abatment  of  the  bridge.  The  bench  mark  is  107  feet 
southwesterly  from  the  gage,  and  is  a  cross  mark  on  top  of  the  east 
abutment  of  the  Fifteenth  street  bridge,  on  the  north  corner.  It  is 
marked  B.  M.,  and  is  15.15  feet  above  the  zero  of  the  gage  rod.  The 
river  is  confined  between  slag  embankments,  and  the  bed  is  sandy  and 
shifting.  The  observer  is  J.  H.  Hodgson.  The  following  discharge 
measurements  were  made  by  F.  Cogswell  in  1897 : 

Janaary  15,  gage  height,  4.70  feet;  discbarge,  98  second-feet. 
AprU  15,  gage  height,  5.35  feet ;  discharge,  385  second-feet. 
May  1,  gage  height,  5.70  feet ;  discharge,  595  second-feet. 
May  25,  gage  height,  5.85  feet;  discharge,  778  second-feot. 
June  4,  gage  height,  6.45  feet;  discharge,  1,311  second-feet. 
Jnne  15,  gage  height,  6.75  feet;  discharge,  1,406  second- feet. 
July  13,  gage  height,  5.60  feet;  discharge,  687  second-feet. 
Aiignst  5,  gage  height,  7.45  feet;  discharge^  1,8'19  second-feet. 
Angnst  20,  gage  height,  5.55  feet;  discharge,  473  second-feet. 
September  6,  gage  height,  4.95  feet;  discharge,  116  second-feet. 
October  11,  gage  height,  5.70  feet;  discharge,  413  seooiYd-feet. 

Daily  {lage  height,  infect,  of  South  Platte  Biver  at  Denver,  Colorado,  for  1897. 


Day. 


1-^ 

2... 

3... 

4... 

6... 

6... 

7... 

8... 

9... 
10... 
11... 
12... 
13... 
U... 
15... 
16... 
17... 
18... 
19... 
20... 
21... 
22... 
23... 
24... 
25... 
26... 
27... 
28... 
29... 
80... 
31... 


Jan. 


4.55 
4.60 
4.55 
4.50 
4. 55 
4.  GO 
4.75 
4.80 
4.80 
4.75 
4.75 
4.K0 
4.75 
4.65 
4.65 
4.70 
4.80 
4.75 
4.70 
4.65 
4.60 
4.05 
4.60 
4.55 
4.50 
4.55 
4.50 
4.55 
4.65 
4.70 
4.60 


Fob. 


4.65 
4.70 
4.70 
4.00 
4.70 
4.65 
4.50 
4.55 
4.45 
4.40 
4.85 
4.25 
4.25 
4.25 
4.35 
4.40 
4.55 
4.60 
4.45 
4.40 
4.50 
4.55 
4.65 
4.70 
4.65 
4.75 
4.70 
4.55 


Mar. !  Apr. 


I 


4.60 
4.55 
4.60 
4.65 
4.75 
4.80 
4.75 
4.70 
4.80 
4.85 
4.80 
4.85 
4.90 
4.85 
4.85 
4.05 
5.00 
4.90 
5.00 
4. 95 
5.00 
5.05 
5.05 
5.10 
6.15 
5.20 
5.25 
5.80 
5.85 
5.40 
6.35 


5.40 
5.45 
5.55 
6.50 
6.60 
5.60 
5.70 
5.55 
6.40 
5.30 
5.25 
6.25 
5.30 
5.26 
5.30 
6.40 
5.50 
5.60 
5.80 
5.90 
6.00 
5.60 
5.35 
5.30 
5.20 
6.15 
6.10 
6.25 
5.50 
5.65 


May. 


6.70 
5.65 
5.65 
6.56 
5.50 
5.40 
5.45 
5.45 
5.40 
5.35 
5.65 
6.75 
5.75 
5.66 
6.70 
6.60 
5.70 
5.76 
5.65 
5.80 
6.05 
5.85 
5.80 
6.76 
6.10 
6.05 
6.80 
6.66 
6  65 
6.70 
6.60 


Jnne. 


6.65 
6.85 
6.65 
6.45 
6.40 
6.45 
6.40 
6.35 
6.30 
6.35 
6.76 
6.80 
6.70 
6.66 
6.65 
6.65 
6.50 
6.36 
6.25 
6.10 
6.00 
6.95 
6.85 
6.76 
6.66 
6.60 
6.75 
6.65 
5.65 
5.55 


July. 

Ang. 

Sept.  Oct. 

1 

6. 20  j  6. 20 

5.35 

4.90 

5.05 

4.85 

5. 10  5  no 

5.35 

6.10 

5.00 

5.25 

6.15 

7.65 

4.85 

5.35 

5.30 

8.25 

4.80 

5.35 

5.20 

7.40 

6.10 

6.60 

5. 10  7. 20 

5.05 

6.40 

6.05  0.00 

5.05 

6.45 

6.65 

6.80 

5.20 

5.50 

6.95 

5.80 

6.05 

5.65 

6.80 

5.70 

4.05 

6.80 

6.50 

6.70 

4.70 

6.50 

5.75 

5.70 

6.06 

6.35 

5.60 

5.60 

6.25 

6.25 

5.30 

6.70 

6.40 

6.20 

6.00 

5.70 

6.30 

5.30 

4.80 

5.70 

6.66 

6.40 

4.65 

6.70 

6.20 

5.25 

5.65 

6.60 

6.50 

6.30 

6.70 

5.55 

6.46 

6.26 

5.70 

5.46 

5.40 

5.25 

5.55  6.35 

5.30 

6.25 

6. 35  6.  38 

6.26 

6.20 

6.25  1  5.30 

6.30 

6.30 

6.80 

6.26 

5.26 

6.36 

6.15 

6.20 

5.00 

6.40 

5.05 

6.05 

6.80 

6.60 

6. 10  5. 10 

6.00 

6.75 

5.15  6.35 

4.86 

6.90 

6. 00  5. 35 

4.85 

6.80 

4.90 

6.20 

5.96 

Nov 


6.10 
6.05 
6.00 
6.05 
5.90 
5.96 
6.85 
5.70 
5.65 
5.80 
6.85 
5.75 
5.70 
6.76 
5.70 
5.60 
5.60 
6.65 
5.75 
6.80 
6.70 
6.70 
6.60 
6.60 
6.60 
6.30 
5.00 
4.80 
4.95 
5.25 


Dec. 


5.43 
5.40 
5.25 
5.10 
6.15 
6.26 
6.35 
6.55 
5.4.'> 
5.35 
5  30 
6.40 
6.45 
6.40 
5.35 
5.20 
6.15 
6.10 
5.10 
6.15 
6.20 
5.25 
6.35 
5.35 
6.40 
6.40 
5.36 
5.40 
5.55 
5.45 
5.40 
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ORCHARD  STATION   ON   SOUTH  PLATTE  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Eeport,  Part  lY, 
page  166,  is  located  one-fourth  mile  southwest  of  Orchard,  Colorado. 
The  gage  is  inclined,  consisting  of  two  2  by  4  inch  planks,  spiked 
together  and  fastened  to  posts  driven  into  the  river  bank.  It  is  marked 
to  vertical  0.10  of  a  foot,  the  space  between  the  marks  being  0.127  of  a 
foot.  The  bench  mark  consists  of  a  2  by  4  inch  stick  driven  almost  to 
the  surface  of  the  ground  8  feet  back  from  the  rod.  The  top  of  this  is 
8.30  feet  above  the  zero  of  the  gage  rod.  The  initial  point  for  sound- 
ings is  on  the  right  shore.  The  left  bank  is  high  and  the  right  low  and 
liable  to  overflow,  the  bed  of  the  stream  being  sandy  and  shifting. 
Measurements  are  made  by  wading.  The  primary  object  of  this  station 
is  to  obtain  the  winter  flow  of  the  Platte  at  this  point.  The  observer 
is  Mrs.  U.  E.  Foley.  The  following  discharge  measurements  were  made 
by  F.  Cogswell  and  others  in  1897 : 

Jannary  18,  gage  height,  4.14  feet;  dlBcharge,  377  second-feet. 
May  28,  gage  height,  5.00  feet;  discharge,  1,921  second-feet. 
Jane  20,  gage  height,  4.60  feet;  discharge,  1,926  second- feet. 
Jnne  27,  gage  height^  8.20  feet;  discharge,  504  second-feet. 
Jnly  25,  gage  height,  3.60  feet ;  discharge,  524  second-feet. 
September  13,  gage  height,  2.60  feet;  discharge,  86  second-feet. 
November  9,  gage  height,  4.40  feet;  discharge,  1,299  second-feet. 

Daily  gage  height,  in  feet,  of  South  Platte  River  at  Orchard,  Colorado,  for  1897. 


Jan.    Feb.  '  Mar. ,  Apr.  May. 


I 


Jane.    July.    Aug. 


1 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


3.75 
3.80 
3.80 
3.80 
3.85 
3.90 
3.95 
4.25 
4.36 
4.30 
4.35 
4.35 
4.30 
4.30 
4.30 
4.30 
4.30 
4.15 
4.25 
4.35 
4.45 
4.50 
4.55 
4.50 
4.30 
4.25 
4.20 
4.20 
4.35 
4.45 
4.50 


4.50 

3.80 

4. 50     3. 80 

4.50 

3.80 

4.50 

3.80 

4.55 

3.80 

4.55 

3.80 

4.50 

3.80 

4.45 

3.75 

4.40 

3.75 

4.80 

8.75 

4.20 

8.70 

4.10 

8.70 

4.00 

3.70 

6.00 

4.60 

7.00 

3.80 

6.00 

3.70 

4.00 

3.70 

8.90 

3.70 

3.90 

3.70 

3.90 

3.70 

3.85 

3.70 

3.85 

3.70 

3.80 

3.75 

3.80 

3.75 

3.75 

3.80 

8.75 

3.80 

3.75 

8.80 

8.75 

8.80 

■■••■■ 

3.80 

...... 

3.80  . 

3.00 

4.20 
4.30 
4.30 
4.30 
4.30 
4.80 
4.80 
4.85 
4.35 
4.35 
4.40 
4.40 
4.35 
4.30 
4.25 
4.20 
4.20 
4.20 
4.15 
4.15 
4.15 
4.10 
4.10 
4.05 
4.00 
4.00 
3.05 
3.95 
3.90 
3.85 


3.75 

I 

5.80 

3.65 

6.20 

3.40 

0.50 

8.40 

6.30 

3.40 

6.20 

3.85 

5.95 

3.30 

5.40 

3.20 

4.75 

3.00 

4.50 

3.00 

4.50 

2.90 

5.50 

2.80 

6.30 

2.80 

6.50 

2.75 

6.80 

2.70 

6.70 

2.60 

6.40 

2.55 

6.20 

2.60 

5.95 

2.50 

4.75 

2.70 

4.60 

3.20 

4.50 

4.50 

4.40 

i  4.70 

4.30  i 

6.00 

4.10 

5.10 

3.95 

5.20  , 
6.80  I 
5.80  ' 
5.80 

5.98  I 
5.85 


3.80 
8.50 
3.30 
3.25 
3.25 


3.20 
8.10 
8.00 
2.90 
2.35 
2.35 
2.35 
2.80 
2.30 
2.30 
4.00 
3.70 
3.25 
2.50 
2.50 
2.40 
2.35 
2.85 
2.70 
2.95 
3.60 
3.60 
3.90 
3.60 
8.60 
3.60 
3.60 
3.50 
3.45 
3.30 
.3.20 


3.00 
3.00 
3.00 
3.00 
4.40 
5.30 
5.30 
5.30 
5.40 
5.20 
5.10 
4.50 
4.30 
4.15 
4.00 
4.00 
8.80 
3.70 
3.65 
3.40 
3.35 
3.30 
3.20 
3.00 
2.90 
2.85 
2.86 
2.75 
2.76 
2.75 
2.75 


Sept. 

Oct. 

Nov. 

Dec. 

2.75 

2.50 

4.45 

3.90 

2.60 

2.50 

4.60 

5.00 

2.50 

2.50 

4.60 

6.05 

2.50 

2.50 

4.50 

4.70 

2.50 

2.50 

4.50 

4.70 

2.50 

2.50 

4.50 

4.70 

2.50 

2.60 

4.50 

4.75 

2.50 

2.50 

4.50 

4.80 

2.45 

2.50 

4.40 

5.00 

2.45 

2.50 

4.30 

4.90 

2.40 

2.50 

4.30 

4.70 

2.50 

2.55 

4.20 

4.20 

2.50 

2.80 

4.30 

3.90 

2.60 

2.80 

4.30 

4.20 

2.60 

2.85 

4.20 

4.00 

2.60 

2.85 

4.15 

8.60 

2.60 

2.90 

4.10 

3.60 

2.60 

8.00 

4.10 

3.65 

2.60 

3.10 

4.10 

3.70 

2.60 

3.20 

4.00 

3.90 

2.50 

3.30 

4.00 

4.10 

2.45 

8.30 

4.05 

4.10 

2.50 

8.85 

4.10 

4.10 

2.50 

8.40 

4.00 

4.20 

2.50 

3.40 

4.00 

4.30 

2.50 

3.45 

4.00 

4.80 

2.50 

8.65 

4.0U 

4.85 

2.50 

3.85 

4.00 

4.40 

2.60 

4.00 

3.00 

4.50 

2.50 

4.20 

3.80 

4.55 

4.40 

4.60 
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OPBRATfONB   AT  RIVBR  OTATI0N8,  1S07. 


MOBRISON  STATION  ON  BEAR  CBBRK. 

This  station,  d6scribe<l  in  the  Eighteenth  Annnal  Report,  Part  lY, 
page  167,  is  located  in  the  upper  part  of  the  town  of  Morrison,  Colo- 
rado. The  gage  rod  is  placed  in  the  river  about  150  feet  above  the 
railroad  depot.  It  consists  of  two  inclined  planks,  2  by  4  inches  by  8 
feet  long,  spiked  together  and  fastened  to  x>ost8  driven  into  the  ground. 
It  is  divided  into  vertical  tenths  of  a  foot,  the  space  between  the  marks 
being  0.127  of  a  foot.  Three  nails  in  a  tree  in  right  bank  190.5  feet 
below  gage  rod  are  10.14  feet  above  zero  of  gage.  Both  banks  are  low 
and  liable  to  overflow  at  high  water.  Measurements  are  made  by 
wading,  but  the  bridge  above  the  gage  can  be  used  at  high  water. 
The  observer  is  Henry  Hines.  The  following  measurements  of  discharge 
were  made  by  E.  S.  Sumner  and  others  in  1807 : 

May  20,  gage  height,  3.60  feet;  discharge,  179  seeond-feet. 
Jnne  13,  gage  height,  3.70  feet;  disoharge,  209  second-feet. 
June  26,  gage  height,  8.50  feet;  discharge,  162  meond^feet. 
July  24,  gage  height,  S.45  feet;  disoharge,  191  seeond-leet. 
September  11,  gage  height,  3.05  feet;  disoharge,  55  seeond-f»et. 
October  12,  gage  height,  3.00  feet;  diflobavgo,  52  seeond^feet. 

Daily  gage  heightf  in  feet,  of  Bear  Creek  at  Marrie^n,  GMermU,  fer  1897, 


D.iy. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

3.85 
8.65 
3.56 
3.60 
3.60 
8.65 
3.55 
3.56 
3.55 
3.55 
3.80 
3.85 
3.76 
4.00 
3.70 
8.65 
3.55 
3.55 
3.56 
3.55 
3.50 
3.46 
3.45 
8.45 
3.40 
3.45 
3.50 
3.45 
3.45 
3.40 

3.35 
3.30 
3.25 
8.20 
8.20 
8.20 
3.15 
3.35 
3.95 
3.80 
3.45 
3.40 
3.30 
3.25 
3.25 
3.35 
3.26 
3.30 
8.50 
8.45 
8.35 
3.35 
3.45 
3.45 
3.35 
3.35 
3.25 
3.25 
3.20 
S.20 
8.20 

3.20 
3.60 
4.15 
5.05 
4.75 
4.10 
4.15 
3.00 
3.80 
3.75 
3.65 
8.65 
3.50 
3.45 
3.55 
3.56 
3.55 
3.45 
3.45 
3.46 
3.85 
3.36 
3.30 
3.25 
8.26 
3.25 
8.25 
3.25 
3.25 
8.26 
8.25 

8.20 
3.15 
3.15 
8.16 
3.15 
3.05 
3.05 
8.05 
3.05 
3.05 
8.05 
8.05 
8.05 
3.15 
3.35 
3.25 
3.16 
8.15 
3.15 
8.15 
3.15 
3.10 
8.05 
8.05 
8.05 
8.05 
8.05 
3.05 
3.00 
3.06 

8.05 
8.06 
3.05 
3.06 
3.05 
3.05 
8.05 
3.05 
3.15 
3.06 
8.05 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
3. 00 
8.00 
3.00 
3.00 
8.00 
3.15 
3.15 
8.10 
8.10 

3.00 
3.00 
2.90 
2.90 
2.90 
2.90 
2.85 
2.85 
2.90 
3.00 
3.00 
8.00 
3.00 
8.00 
8.00 
8.00 
2.90 
2.90 
2.90 
2.00 
2.90 
2.00 
2.85 
2.45 
2.90 
2.80 
2.90 
2.66 
2.70 
2.70 

2 

3 

3.35 
3.35 
8.35 
3.45 
a40 
3.35 
3.30 
3.35 
3.25 
3.25 
3.35 
3.45 
3.45 
3.55 
3.36 
3.45 
3.45 
3.55 
3.55 
3.45 
3.45 
3.65 
3.75 
3.55 
3.80 
3.65 
3.75 
3.80 
3.80 

4 

.    6 

6.::::::.::: :::.:::::::::::;:: 

7 

8 

9 i 

10 

11 

12 

13 

14 

15 

1« 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31...*. 
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HABSHALL  STATION  ON  SOUTH  BOUUnSB  OBEBK. 


stafcioD^  deaeribeA  ia  tke  £i§rlitee&th  Aimnal  Beport,  Part  lY, 
page  169^  is  loeated  aboal  3  miles  weii  of  Marshall,  Colorado.  The  gage 
consists  of  an  inelmed  2  by  6  inoh  timber,  with  a  1  by  6  inch  scale 
nailed  to  it,  and  is  fiistened  to  a  tree  and  to  stakes  driven  into  the  gronnd. 
It  is  marked  to  verticid  0.10  of  a  foot,  the  distance  between  the  marks 
being  OJ22  of  a  foot.  The  benoh  mark  is  a  stone,  15  feet  northwest  of 
the  gage,  marked  with  black  paint*  Its  elevation  is  6.99  feet  above  zero 
of  ro(i.  Measurements  are  Bsuially  made  by  wading  near  the  gage, 
bttt  a  footbridge  20  feet  above  can  be  nsed  in  high  water.  The  Gom- 
monity  Diteh  and  the  Soath  Boulder  and  Goal  Greek  Ditch  both 
take  out  water  above  the  gage,  and  this  amonnt  most  be  added  to  the 
discharge  at  the  station  to  obtatn  total  ran-off  of  the  drainage  basin  of 
the  creek.  The  observer  is  G.  E.  Barber.  The  following  measnrements 
of  discharge  were  made  by  F.  Gogswell  and  others  in  1897 : 

May  22,  gage  height,  2.45  feet;  dieckacge,  348  seoond-feet. 
Jnne  19,  gage  height,  2.S0  feet ;  discharge,  968  seoeiid-feet. 
Jane  25,  gage  height,  2.50  feet ;  discharge,  3708eo<Hid-feet. 
July  27,  gage  height,  1.65  feet;  discharge,  122  second- feet. 
Aagost  13,  gage  height,  1.55  feet;  discharge,  116  second-feet. 
October  14,  gage  height,  0.82  foot ;  discharge,  14  second-feet. 


Dailjf  gage  height,  in  feet,  of  8o»th  Boulder  Creek  at  Marahall,  Colorado,  for  1897. 


Day. 


1 

2 

3 

4. 

5 

6 

7 

ft 

» 

le 
11 

12 
IS 
14 
15 

17 
IS 
19 
2S 
21 


25 

26 
27 
28 
29 
80 
31 


May. 


l.M 
1.70 
1.S5 
1.90 
1.85 
1.85 
2.00 
2.00 
1.90 
1.85 
1.75 
1.75 
1.90 
2.05 
2.10 
2.15 
2.20 
2.30 
2.60 
2.50 
2.55 
2.65 
2.95 
3.00 
2.85 
3.25 
3.05 
3.15 
3.16 
3.06 


June. 

July. 

Aug. 

Sept. 

3.25 

2.40 

1.65 

1.25 

^.10 

2.40 

1.65 

1.25 

2.75 

2.40 

1.75 

1.20 

2.55 

2.25 

2.25 

1.15 

2.55 

2.10 

2.25 

LIO 

2.85 

2.20 

2.20 

1.00 

2.80 

2.10 

2.25 

.90 

2.30 

2.10 

'1.85 

1.10 

2.80 

2.80 

1.80 

1.10 

2.60 

2.60 

1.65 

1.15 

3.40 

2.35 

1.65 

1.10 

3.10 

2.25 

1.60 

1.15 

8.10 

2.15 

1.60 

1.15 

2.90 

2.15 

1.65 

1.20 

2.85 

2.10 

1.60 

1.20 

2.95 

2.00 

1.55 

1.25 

2.85 

2.00 

1.55 

1.30 

2.50 

2.05 

1.55 

1.20 

2.60 

2.05 

1.45 

1.10 

2.60 

1.85 

1.35 

1.15 

2.60 

1.85 

1.85 

1.15 

2.60 

1.75 

1.35 

1.10 

2.60 

1.80 

1.35 

1.05 

2.45 

1.75 

1.40 

1.05 

2.65 

1.75 

1.40 

1.00 

2.80 

1.70 

1.30 

1.00 

2.66 

1.70 

1.35 

1.00 

2.45 

1.65 

1.40 

1.05 

2.35 

1.60 

1.40 

1.10 

2.30 

1.60 

1.35 

1.05 

1.66 

1.30 

)ct. 

Nov. 

1.15 

1.20 

1.15 

1.00 

1.10 

1.00 

1.05 

1.10 

1.10 

.90 

1.20 

.00 

1.25 

.85 

1.25 

.86 

1.30 

.95 

1.10 

.90 

1.10 

1.06 

.95 

1.16 

.90 

1.16 

.85 

1.20 

.85 

1.15 

1.25 

1.16 

1.05 

1.15 

1.00 

1.05 

1.00 

1.06 

.90 

1.05 

.95 

1.06 

.95 

1.16 

.90 

1.06 

.90 

1.10 

1.05 

1.06 

1.25 

1.00 

1.00 

1.10 

1.20 

.95 

1.25 

.96 

1.10 

.86 

1.15 
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OPERATIONS   AT   RIVER   STATIONS,  1807. 


BOXTLDBR   STATION  ON  BOULDER  OREEK. 


This  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  171,  is  located  about  1^  miles  above  the  town  of  Boulder,  Colorado. 
The  gage  rod  consists  of  an  inclined  2  by  6  inch  timber,  with  a  1  by  0 
inch  scale  fastened  to  it,  and  spiked  to  stakes  driven  into  the  ground. 
It  is  marked  to  vertical  0.10  of  a  foot,  the  space  between  the  marks 
being  0.207  of  a  foot.  The  bench  mark  is  a  large  stone,  20  feet  north 
of  the  gage.  Its  elevation  is  9.95  feet  above  the  zero  of  the  rod.  The 
observer  is  Mrs.  Oarrie  Osgood.  Both  banks  are  high  and  rocky,  and 
not  liable  to  overflow.  The  bed  of  the  creek  is  quite  rocky.  Measure- 
ments are  usually  made  by  wading,  but  during  high  water  can  be  made 
from  a  bridge  40  feet  above  the  gage.  On  June  14, 1397,  this  bridge 
was  carried  out  by  a  flood.  The  following  measurements  of  discharge 
were  made  by  F.  Cogswell  and  others  in  1897: 

May  21,  gage  height,  2.15  feet ;  discharge,  377  second-foet. 
July  26,  gage  height,  1.75  feet;  discharge,  298  secoud-feet. 
August  12f  gage  height.  1.55  feet;  discharge,  224  necond-feet. 
October  13,  gage  height,  0.55  foot;  discharge,  48  second>feet. 

Daily  gage  height^  in  feet,  of  Boulder  Creek  at  Boulder,  Coloretdo,  for  1897. 


Day. 

May. 

1.35 
1.40 
1.42 
1.45 
1.50 
1.50 
1.65 
1.65 
1.60 
1.60 
1.55 
1.45 
1.50 
1.68 
1.80 
1.85 
1.85 
1.90 
2.12 
2.20 
2.18 
2.18 
2.30 
2. 42 
2.50 
2.48 
2.62 
2.45 
2.45 
2.42 
2.48 

Jane. 

2.68 
2.60 
2.28 
2.12 
2.02 
2.00 
1.90 
1.90 
2.10 
3.62 
3.05 
2.72 
2.75 
2.70 
2.80 
2.75 
2.58 
2.35 
2.82 
2.40 
2.45 
2.60 
2.48 
2.42 
2.42 
2.60 
2.40 
2.36 
2.28 
2.25 

Jnly. 

Aug. 

Sept. 

Oct. 

Nov. 
0.40 

1 

2.12 
2.15 
2.20 
2.48 
1.90 
1.85 
1.85 
2.20 
2.85 
2.55 
2.88 
2.15 
2.08 
2.08 
2.00 
1.98 
1.90 
1.92 
2.00 
1.00 
1.80 
1.65 
1.70 
1.82 
1.88 
1.75 
1.70 
1.62 
1.60 
1.55 
1.60 

1.62 
1.75 
2.00 
2.20 
2.16 
1.92 
1.78 
1.80 
1.70 
1.68 
1.58 
1.68 

i.sa 

1.45 
1.40 
1.40 
1.38 
1.36 
1.35 
1.32 
1.30 
1.25 
1.22 
1.18 
1.12 
1.08 
1.05 
1.37 
1.12 
1.02 
1.05 

1.00 

.95 

.96 

.90 

.85 

.80 

.80 

.75 

.75 

.78 

.88 

1.05 

1.08 

1.28 

1.18 

1.12 

1.08 

1.00 

.02 

.90 

.85 

.82 

.70 

.68 

.65 

.65 

.60 

.60 

.60 

.66 

0.62 
.66 
.60 
.60 
.55 
.58 
.70 
.96 
.78 
.72 
.70 
.66 
.68 
.55 
.60 
.68 
.70 
.63 
.58 
.65 
.60 
.55 
.63 
.48 
.50 
.42 
.38 
.42 
.50 
.45 
.43 

2 

.43 

3 

.65 
.53 
.60 
.45 
.48 
.52 
.56 
.50 
.45 
.40 
.46 
.50 
.38 
.26 
.38 
.48 
.55 
.52 
.55 
.50 
.52 
.66 
.45 
.30 
.28 
.45 
,75 
.97 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

1« 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 
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LYONS  STATION  ON  ST.   VBAIN  CREEK. 

Tbi8  station,  described  in  the  Eighteenth  Annual  Eeport,  Part  lY, 
page  172,  is  located  one-half  mile  southeast  of  Lyons,  Colorado,  below 
the  intersection  of  the  north  and  south  forks  of  St.  Vrain  Greek.  The 
Supply  ditch  takes  water  out  on  the  left  side  of  the  stream,  above  the 
gage.  To  obtain  the  total  run-off  of  the  drainage  basin  of  the  creek 
at  this  station,  the  amount  of  water  in  the  ditch  will  have  to  be  added 
to  the  discharge  of  the  creek.  The  gage  is  an  inclined  2  by  4  inch  tim- 
l)er,  marked  to  vertical  0.10  of  a  foot,  the  space  between  the  marks  being 
0.134  of  a  foot,  and  is  fastened  to  posts  driven  into  the  ground.  Both 
banks  are  low  and  liable  to  overflow,  and  the  bed  of  the  stream  is  com- 
posed of  gravel.  Measurements  are  usually  made  by  wading,  but  at  high 
water  can  be  made  from  a  wagon  bridge  400  feet  below  the  gage.  The 
observer  is  Miss  Bessie  Sites.  The  following  measurements  of  discharge 
were  made  by  F.  Cogswell  and  others  in  1897 : 

May  25^  gage  height,  4.15  feet;  discharge,  659  socond-feet. 
June  17,  gage  height,  4.40  feet;  discharge,  713  second- feet. 
Jane  28,  gage  height,  3.70  feet;  discharge,  551  second-feet. 
Jaly  20,  gage  height,  8.10  feet;  discharge,  379  second-feet. 
Septenibor  15,  gage  height,  2.10  feet;  discharge,  115  second-feet. 
November  10,  gage  height,  1.75  feet ;  discharge,  54  second-feet. 


Daily  gage  height^  in  feel f  of  SL  Frain  Creek  at  Lyons,  Colorado,  for  1897. 


Day. 

May. 

June. 

July. 

Aug. 

2.85 
2.85 
8.00 
3.10 
8.75 
8.10 
2.05 
2.85 
2.75 
2.75 
2.70 
2.76 
2.66 
2.66 
2.55 
2.55 
2.56 
2.55 
2.55 
2.66 
2.55 
2.55 
2.55 
2.65 
2.55 
2.35 
2.35 
2.35 
2.35 
2.25 
2.15 

Sept. 

Oct. 

Nov. 

1    

4.95 
4.55 
4.05 
3.60 
3.60 
3.45 
3.35 
3.65 
4.15 
4.35 
5.45 
5.25 
5.10 
6.00 
5.10 
5.10 
4.35 
4.00 
3.80 
4.00 
4.20 
4.10 
4.25 
4.00 
4.00 
4.80 
8.86 
3.85 
3.75 
8.65 

3.65 
.3.55 
3.75 
3.85 
3.25 
8.35 
3.45 
3.50 
4.05 
4.55 
8.80 
3.50 
3.50 
3.45 
3.70 
3.35 
8.40 
3.35 
3.55 
3.45 
3.25 
3.20 
2.85 
3.20 
3.06 
2.05 
2.05 
2.75 
2.85 
2.75 
2.85 

2.15 
2.15 
2.05 
2.05 
2.05 
2.05 
2.05 
2.00 
2.00 
2.05 
2.05 
1.95 
2.25 
2.30 
2.25 
2.35 
2.25 
2.25 
2.16 
2.05 
2.05 
2.05 
2.05 
1.05 
1.05 
1.06 
1.05 
1.86 
1.86 
1.85 

1.85 
1.85 
1.85 
1.85 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.65 
1.65 
1.65 
1.65 
1.80 
1.70 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.55 
1.65 
1.65 
1.65 
1.65 
1.65 

1.65 
1.65 
1.60 
1.60 
1.60 
1.65 
1.55 
1.55 
1.60 
1.60 
1.60 
1.56 
1.55 
1.55 
1.66 
1.65 
1.66 
1.66 
1.65 
1.66 
1.66 
1.66 
1.66 
1.66 
L66 
1.76 
1.76 
1.65 
1.65 
1.55 
........ 

2 

8.08 
3.03 
2.05 
3.00 
3.05 
3.05 
3.20 
3.15 
3.15 
3.10 
3.00 
3.05 
3.10 
3.25 
3.35 
3.85 
4.65 
3.70 
3.60 
3.70 
3.55 
3.90 
4.10 
4.30 
4.25 
4.80 
4.45 
4.25 
4.40 
4.40 

3 

4   

5 

6, 

7 

8    

9 

10 

11      

12   

13   

14 

15      

16     

17    , 

18    

10 

20   

21    

22 

23    

24 

26 

26 

27 

28 

29 

30 

31 

94 


OP£SATIONS   AT   RIVER  STATIONS,  1897. 


ARKIN8  STATION  ON  BIG  THOMPSON  RIITER. 

This  station,  described  in  the  Eighteenth  Animal  Beport,  Part  IV. 
page  174,  is  located  about  9  miles  west  of  LovekMid,  Colorado,  aad 
about  600  feet  below  the  Homo  Sapply  Dam.  The  gage  is  vertioal, 
unpainted,  but  notched  for  each  foot  and  0.10  of  a  foot,  and  is  fastened 
to  the  timbers  of  a  bridge.  The  benoh  mark  is  a  notch  in  a  tree  aboat 
60  feet  below  the  gage,  on  the  left-hand  side  of  the  stream.  Its  ele- 
vation is  4.92  feet  above  the  zero  of  the  rod.  The  right  bank  is  high, 
but  the  left  is  low,  and  liable  to  overflow  at  high  water.  The  bed  of 
the  stream  is  of  gravel,  with  some  bowlders.  Measarements  are  usnally 
made  from  the  upper  side  of  the  wi^on  bridge*  The  head  gates  ot  tiM 
Home  Sapply  Ditch  and  Handy  Ditch  are  loeotod  above  the  dam.  The 
observer  is  E.  Ohasteen.  The  following  ineasuromeats  of  discfaarge 
were  made  by  E.  S*  Sumner  and  others  in  1897: 

May  26,  gage  height,  2.45  feet;  discharge,  801  seeond-fbet. 
Jiine  18;  gage  height,  1.60  feet;  discharge,  400  Beoond-feet. 
Jane  29,  gage  height,  1.50  feet;  duicharge,  409  second-feet. 
July  21,  gage  height,  1.20  feet;  discharge,  214  seoond-feet. 
September  16,  gage  height,  0.60  foot;  discharge,  61  second-feet. 
November  11,  gage  height,  0.65  foot;  discharge,  79  secood-feet. 


Daily  gage  Imghtf  infect,  of  Big  Thompson  River  at  Jrkins,  Colorado,  far  1897. 


Day. 

• 

M»y. 

Jane. 

July. 

Aug. 

Sept. 

Oct.       N 

or. 

1 

0.00 
.85 
.65 
1.00 
.95 
1.25 
L40 
L45 
1.45 
1.40 
L40 
L35 
L85 
1  50 
1.70 
1.75 
1.60 
1.70 
L75 
1.05 
2.05 
1.85 
2.10 
2.05 
2.15 
2.05 
2.10 
1.65 
1.00 
1.00 
2.15 

2.40 
1.85 
L55 
1.35 
1.25 
.45 
.40 
1.80 
1.75 
1.80 
2.55 
2.40 
2.35 
2.10 
2.25 
2.20 
1.75 
1.50 
1.70 
1.55 
1.75 
1.65 
1.65 
1.55 
1.65 
1.80 
1.70 
1.40 
1.40 
1.35 

1.30 
1.30 
1.30 
1.15 
.95 
.95 
1.10 
1.30 
1.70 
1.65 
1.40 
i.80 
1.20 
1.40 
1.65 
1.45 
1.35 
1.45 
1.50 
1.40 
1.10 
1.15 
1.15 
1.40 
1.25 
1.15 
1.15 
1.00 
LOO 
1.00 
1.10 

1.20 

1.15 

1.15 

1.80 

1.65 

1.25 

1.15 

1.10 

1.10 

1.10 

1.05 

1.00 

.90 

1.00 

.85 

.70 

.80 

.65 

.60 

.70 

.60 

.60 

.60 

.55 

.45 

.40 

.50 

.50 

.55 

.60 

.55 

0.40 
.40 
.40 
.45 
.80 
.80 
.80 
.30 
.35 
.40 
.40 
.55 
.65 
.70 
.65 
.55 
.60 
.45 
.35 
.30 
.20 
.15 
.35 
.30 
.30 
.25 
.20 
.20 
.20 
.35 

0.40      0. 
.40 
.80 
.80 
.80 
.25 
.15 
.20 
.35 
.80 
.30 
.20 
.10 
.10 
.08 
.08 
.08 
.10 
.00 
.00 
.00 
.00 
•00 
.00 
.00 
.00 
.00 
.00 
.25 
.50 
.20    ... 

10 
10 
20 
50 
45 
50 
50 
45 
50 
85 
•0 
00 
00 
60 
00 
60 
00 
06 
15 
86 
80 
2S 
25 
86 

» 
4S 

65 
6i 
66 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

19 , 

18 

14 

16 

16., 

17 

18 

10 

20 

21 

22 

28 

24 

26 

26 

27 

28 

20 

30 

81 

DRAINAGE   BASIN   OF   THE   PLATTB   filVEB. 


95 


ST.  PAUL  STATION  ON  NOBTH  LOUP  RIYXR. 

This  station,  described  m  tbe  Eighteenth  Auiiual  Beport,  Part  IV, 
page  17G,  is  located  oa  the  left  bank,  at  the  lower  side  of  the  wagon 
bridge,  4  miles  north  of  St.  Paul,  Nebraska.  The  ga^  consists  of  a 
piece  of  oak,  2  by  3  inches,  16  feet  long,  with  the  face  inclined  30  degrees 
to  the  horizontal.  This  rests  upon  cross-ties  well  bedded  and  covered, 
the  bottom  of  the  rod  being  thrust  into  the  bed  of  the  river.  The  zero 
of  this  rod  is  15.01  feet  below  the  top  of  the  lower  horizontal  projecting 
part  of  the  footplate  at  the  north  end  of  the  west  trass  of  the  north 
span  of  the  bridge.  Bench  mark  2  is  ths  standard  iron  pipe  with  Inrass 
cap  of  the  United  States  Geok>gical  Snrvey.  It  is  set  with  the  top  5 
inches  above  the  ground  and  168  fleet  north  of  the  gage  rod.  Its  oleva< 
tion  is  6L54  feet  above  zero  of  gage.  The  observer  is  James  Stout,  jr. 
The  bed  of  the  river  is  sandy  and  is  liable  to  change  during  floods. 
The  following  measorements  of  discharge  were  made  by  Adna  Dobson 
and  O.  V.  P.  Stout  in  1897 : 

April  20,  gage  height,  2.89  feet;  discharge,  1,281  seeonA-feet. 
May  11,  gage  height,  2.85  feet;  discharge,  1,080  second-feet. 
May  28,  gage  height,  2.76  feet;  discharge,  1,061  second- feet. 
Jane  19,  gage  height,  2.94  feet;  discharge,  983  second- feet. 
Jnly  17,  gage  height,  2.66  feet;  discharge,  615  second-feet. 
Jaly  28,  gage  height,  8.85  fset;  discharge,  708  second-feet. 
August  18,  gage  height,  2.82  feet ;  discharge,  659  second- feet. 
October  10,  gage  height,  2.92  feet;  discharge,  819  seoond-feet. 
October  31,  gage  height,  8.17  feet;  discharge,  1,525  second-feet. 

Daily  gage  hMghi,  infeety  of  North  Loup  River  at  St.  Paul,  Nebraska,  for  1897, 


1... 
2... 
3... 
4... 
5... 
6... 
7... 

9... 
10... 
11... 
12... 
18... 
14... 
16... 
IS... 
17... 
M... 
1»... 

ao... 
ai... 

22... 
23... 
24... 
25... 
26... 
27... 


80. 
31. 


Day. 


Jan.    Feb. 


8.85 


a.  80 


4.00 


4.40 


4.70 


4.50 


4.20 


3.78 
"3.*82 


3.80 


3.70 


8.72 
8.'72 


8.75 

3."86" 


8.88 


8.82 

i'.'n 


3.95 
4.00 


3.82 
3.62 


Mar.    Apr. 


3.70 
8.'78' 


8.80 
8.88 
4.08 
4.^ 
a2.84 
2.82 
2.80 
2.88 


2.80 
2.'86' 


2. 85 
2.85 


2.90 
3.12 


2.86 
3.04 
3.82 
3.90 
2.80 
2.78 
2.70 
2.63 
2.48 
2.64 
8.11 
3.12 
3.10 
3.07 
3.05 
2.96 
2.95 
2.99 
3.04 
2.88 
2.98 
2.98 
3.02 
2.87 
2.85 
2.77 
2.79 
2.88 
2.89 
2.90 


May. 

June. 

July. 

Aug. 

Sept. 

2.95 

2.65 

3.80 

2.78 

2.75 

2.93 

2.70 

3.48 

2.75 

2.75 

2.90 

2.76 

4.02 

2.75 

2.85 

2.94 

2.84 

8.12 

2.76 

2.79 

2.02 

2.82 

8.13 

2.81 

2.80 

2.93 

'    2.81 

2.97 

2.76 

2.83 

2.95 

2.79 

2.95 

3.12 

2.84 

2.90 

2.83 

2.97 

2.98 

2.85 

2.92 

2.80 

2.74 

2.95 

2.73 

2.87 

2.78 

2.81 

2.96 

3.35 

2.87 

2.78 

2.83 

2.87 

3.00 

2.85 

2.77 

2.81 

2.84 

2.07 

2.82 

2.78 

2.87 

2.82 

2.95 

2.88 

2.90 

2.83 

2.85 

2.92 

2.85 

2.95 

2.75 

2.82 

2.89 

2.85 

2.95 

2.67 

2.82 

2.89 

2.81 

2.90 

2.80 

2.90 

2.85 

2.79 

8.00 

2.76 

2.91 

2.84 

2.76 

2.94 

2.89 

2.86 

2.84 

2.77 

2.90 

2.79 

2.82 

2.86 

2.76 

8.70 

2.77 

2.83 

2.86 

2.76 

3.50 

2.76 

2.80 

2.83 

2.77 

3.30 

2.78 

2.85 

2.85 

2.76 

8.10 

2.80 

2.79 

2.85 

2.76 

2.98 

2.88 

2.77 

2.84 

2.76 

2.71 

2.80 

2.76 

2.87 

2.75 

2.94 

2.73 

2.82 

2.70 

8.89 

2.81 

2.76 

2.88 

2.68 

8.80 

2.79 

2.80 

2.82 

2.68 

4.64 

2.75 

2.77 

2.85 

2.07 

2.74 

2.73 

Oct. 


2.91 
2.90 
2.92 
2.85 
2.85 
2.88 
2.88 
2.87 
2.91 
2.91 
2.90 
2.88 
2.03 
2.95 
2.97 
3.04 
3.32 
3.25 
3.01 
3.12 
3.05 
3.02 
3.02 
3.00 
8.08 
3.09 
3.08 
8.00 
8.02 
3.01 


aloe  going  out. 
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ST.  PAXIL   STATION   ON  MIDDLB  LOUP  BIVEB. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Patt  lY, 
page  179,  is  located  on  the  right  bank  of  the  stream,  at  the  lower  side 
of  the  wagon  and  railroad  bridge,  1  mile  south  of  St.  Paul,  JSTebraska. 
The  gage  consists  of  an  oak  stick,  2  by  3  inches,  16  feet  long,  inclined 
30  degrees  to  the  horizon.  This  is  securely  fastened  to  cross- ties  bedded 
in  the  soil.  The  zero  of  the  rod  is  9.62  feet  below  the  bottom  of  the 
downstream  end  of  the  cap  of  the  first  river  bent  at  the  south  end  of 
the  bridge.  Bench  mark  2  is  the  regulation  4-foot  iron  post  of  the 
United  States  Geological  Survey,  and  is  placed  with  its  top  3  inches 
above  the  ground,  50  feet  southeast  of  the  gage,  and  100  feet  at  right 
angles  from  line  of  downstream  rail  of  bridge.  Its  elevation  is  7.35 
feet  above  the  zero  of  the  gage.  The  observer  is  A.  0.  Snyder,  a 
farmer,  who  lives  one-third  mile  distant.  The  following  measurements 
of  discharge  were  made  by  Adiia  Dobson  and  O.  V.  P.  Stout  in  1897: 

April  21,  gage  height,  1.74  feet ;  discharge,  1,792  secoud-foet. 
May  11,  gage  height,  1.77  feet;  discharge,  1,441  second-feet. 
May  27,  gage  height,  1.84  feet;  discharge,  1,256  second-feet. 
June  18,  gage  height,  1.87  feet;  discharge,  979  second-feet. 
July  16,  gage  height,  1.58  feet;  discharge,  816  secoud-feet. 
July  27,  gage  height,  1.56  feet;  discharge,  666  second-feet. 
August  18,  gage  height,  1.65  feet;  discharge,  661  second-feet. 
October  9,  gage  height,  1.70  feet ;  dischiirge,  814  second-feet. 
October  30,  gage  height,  1.68  feet ;  discharge,  1,671  secoud-feet. 


Daily  gage  height,  in  feet,  of  Middle  Loup  River  at  St.  Paul,  Nebraska,  for  1897. 


1. 
2. 
3. 
4. 

5- 

6. 

7. 

8. 

9. 
10- 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


Jan. 


1.50 
1.20 


2.00 
2.20 
2.45 
2.57 

2.89 

2.87 
2.70 


2.47 


2.40 


Feb.  I  Mat.   Apr. 


2.40 


2.35 

i'ai" 

2.' 33' 

i'so' 

2.' 38' 

•i'ii 

2.' is 
2.'6o' 


2.20 
3.59 
3.20 


3.61 


3.0Q 
2.26 
1.45 


1.50 

2.16" 
2.10 
1.85 
1.86 

i.'ii' 

1.90 

"l.'lQ 
1.70 


1.69 


1.78 
1.05 
2.40 
2.35 
1.80 
1.95 
1.89 
1.78 
1.63 
1.66 
1.80 
2.25 
3.03 
2.25 
2.05 
1.90 
1.90 
1.65 
1.60 
1.63 
1.75 
1.70 
1.58 
1.77 
1.86 
1.78 
1.80 
1.75 
1.88 
1.60 


May. 


1.43 
1.50 
1.54 
1.60 
1.65 
1.68 
1.65 
1.70 
1.78 
1.75 
1.77 
1.72 
1.78 
1.76 
1.63 
1.65 
1.67 
1.77 
1.73 
1.68 
1.86 
1.68 
1.80 
1.73 
1.77 
1.73 
1.83 
1.78 
1.75 
1.67 
1.68 


June.    July.  |  Aug.    S«pt. 


I 


1.66 
1.6D 
1.94 
1.86 
1.86 
1.67 
1.76 
1.75 
1.74 
1.79 
1.90 
1.85 
1.77 
1.80 
1.86 
1.84 
1.89 
1.87 
1.83 
1.68 
1.70 
1.75 
1.77 
1.68 
1.70 
1.87 
1.92 
1.79 
1.77 
3.11 


2.64 
2.60 
2.17 
1.85 
1.75 
1.68 
1.65 
1.58 
1.55 
1.60 
1.70 
1.78 
1.72 
1.55 
1.50 
1.47 
1.53 
A.  60 
1.61 
1.72 
1.67 
1.64 
1.71 
1.68 
1.68 
1.70 
1.58 
1.55 
1.67 
1.65 
1.68 


1.42 
1.48 
1.50 
1.49 
1.67 
1.76 
1.71 
1.95 
1.92 
2.25 
1.78 
1.85 
1.77 
1.75 
1.73 
1.68 
1.64 
1.60 
1.6G 
1.63 
1.65 
1.64 
1.67 
1.65 
1.61 
1.48 
1.60 
1.56 
1.64 
1.72 
1.75 


1.67 
1.60 
1.55 
1.48 
1.50 
1.62 
1.44 
1.38 
1.43 
1.74 
1.70 
1.73 
1.76 
1.71 
1.74 
1.72 
1.65 
J. 63 
1.68 
1.65 
1.67 
1.69 
1.70 
1.68 
1.65 
1.71 
1.64 
1.68 
1.50 
1.56 


Oct. 


1.60 
1.58 
1.65 
1.72 
1.76 
1.68 
1.65 
1.67 
1.64 
1.78 
1.82 
1.80 
1.68 
1.80 
1.72 
1.83 
1.90 
1.90 
1.88 
1.80 
1.73 
1.75 
1.78 
1.76 
1.73 
2.20 
2.65 
L98 
1.80 
1.50 
1.77 
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COLUMBUS  STATION  ON  LOUP  RIYEB. 

This  Station,  described  iii  the  Eighteenth  Annual  Report,  Part  IV, 
page  182,  is  located  near  the  iron  bridge  of  the  Union  Pacific  Railway, 
just  west  of  Oolumbus,  Nebraska.  The  observer  is  M.  Savage,  bridge 
watchman.  The  gage  is  50  yards  from  the  bridge,  and  is  of  oak,  3  by  C 
inches,  12  feet  long,  fastened  by  lag  screws  to  a  jiile,  which  forms  part  of 
the  training  works  above  the  bridge.  The  rod  is  vertical.  The  12-foot 
mark  on  the  rod  is  7  feet  below  a  point  2  feet  east  of  the  third  panel 
point  of  the  north  truss  of  the  east  span,  counting  the  end  of  the  span 
as  the  first  panel  point.  Beuch  mark  2  is  the  regulation  4-foot  iron 
post  of  the  United  States  Geological  Survey,  placed  72  feet  east  of 
gage  rod.  Its  elevation  is  13.27  feet  above  zero  of  gage.  The  follow- 
ing discharge  measurements  were  made  by  Adna  Dobson  and  O.  Y.  P. 
Stout  in  1897 : 

March  19,  gage  height,  5.22  feet;  discharge,  6,307  second-feet. 
March  23,  gage  height,  4.85  feet;  discharge,  3,869  second-feet. 
April  27,  gage  height,  4.53  feet ;  discharge,  2,972  second-feet. 
April  27,  gage  height,  4.53  feet;  discharge,  3,103  Hecond-feet. 
May  25,  gage  height,  4.77  feet;  discharge,  2,572  second-feet. 
May  25,  gage  height,  4.77  feet;  discharge,  2,410  second- feet. 
Jane  17,  gage  height,  4.72  feet;  discharge,  2,818  second-feet. 
July  16,  gage  height,  4.01  feet;  discharge,  2,513  second- feet. 
July  29,  gage  height,  3.87  feet;  discharge,  1,660  second-feet. 
Angast  17,  gage  height,  4.27  feet;  discharge,  1,783  second-feet. 
Angast  29,  gage  height,  4.21  feet;  discharge,  1,436  second-feet. 
October  7,  gage  height,  4.19  feet;  discharge,  1,926  second-feet. 
October  30,  gage  height,  4.70  feet;  discharge,  4,580  second- feet. 
November  21,  gage  height,  4.40  feet;  discharge,  3,006  second-feet. 

Daily  gage  height,  in  feet,  of  Loup  River  at  Columbus,  Nebraska,  for  1897. 


Day.                      Jan. 

Feb.  '  Mar. 

Apr. 

May. 

4.46 

4.44 

4.52 

4.54 

4.56 

4.57 

4.57 

4.60 

4.62 

4.60 

4.63 

4.66 

4.63 

4.63 

4.66 

4.67 

4.66 

4.65 

4.G6 

4.62 

4.64 

4.77 

4.78 

4.82 

4.77 

4.66 

4.60 

4.68 

4.62 

4:  55  , 

4.47  ' 

June. 

July. 

Aug. 

Sept. 

4.24 
4.20 
4.15 
4.15 
4.13 
4.09 
4.12 
4.03 
4.07 
4.22 
4.31 
4.30 
4.36 
4.34 
4.34 
4.30 
4.37 
4.28 
4.25 
4.23 
4.20 
4.20 
4.21 
4.24 
4.26 
4.26 
4.22 
4.20 
4.18 
4.16 

Oct, 

1      1 5.24 

4.52 
4.44 
4.41 
4.80 
4.64 
4.78 
4.70 
4.68 
4.68 
4.68 
4.63 
4.70 
4.77 
4.75 
4.76 
4.74 
4.72 
4.60 
4.82 
4.74 
4.54 
4.43 
4.35 
4.34 
4.34 
4.44 
4.70 
4.95 
4.79 
5.00 

7.71 

4  16 

•      2 

7.53 

'6.83" 

6.82  1   3  «:. 

4.16 

3 ::....:.: 

4.69 
4.60 
4.48 
4.22 
4.02 
3.84 
3.78 
3.86 
3.92 
4.02 
3.96 
3.91 
4.20 
4.08 
3.92 
3.H4 
3.78 
3.95 
4.00 
3.96 
3.95 
3.06 
8.95 
3.98 
8.93 
3.85 
3.85 
3.86 
3.93 

3.81 
3.79 
4.02 
4.42 
4.81 
4.39 
4.71 
4.70 
4.81 
4.61 
4.54 
4.48 
4.40 
4.33 
4.28 
4.19 
4.17 
4.15 
4.15 
4.15 
4.15 
4.16 
4.15 
4.20 
4.15 
4.10 
4.20 
4.23 
4.28 

4.17 

4 

4.  16 

5 

4.96 

7.59 

4.16 

6 

4.16 
4.17 
4.18 
4.16 
4.18 
4.29 
4.43 
4.46 
4.44 
4.44 
4.50 
4.58 
5.00 
6.02 
4.86 
4.82 
4.76 
4.72 
4.80 
4.68 
4.64 
4.81 
6.26 
4.80 
4.75 

7 

8 

5.18 

4.88 
4.77 
4.70 
4.56 
4.44 
4.84 
4.93 
4.74 
4.70 
4.77 
4.91 
4.53 
4.63 
4.61 
4.62 
4.86 
4.82 
4.72 
1.66 
4.54 
4.41 
4.40 
4.54 

9 

7.68 

10 

11 

12 

7.18 

8.45 

13 

14 

15 

7.04 

16 

6.73 

17 

18 

19 

5.43 

20 

6.45 

21 

22 

23 

6.45 

4.85 

24 

25 

20 

7.68 

4.59 

27 

28 

29 

30 

4.76 

31 

""'1 1 

' 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


COLUMBUS  STATION   ON  PLATTE  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  IV, 
page  188,  is  located  on  the  left  bank  of  the  main  channel  of  the  river, 
about  75  feet  above  the  bridge  which  crosses  the  channel  on  the  sixth 
principal  meridian  near  Columbus,  Nebraska.  The  observer  is  George 
E.  Barnum,  a  farmer,  whose  house  is  about  one-half  mile  from  the  gage. 
The  gage  consists  of  an  inclined  oak  piece,  3  by  4  inches  in  section,  and 
12  feet  long.  It  is  fastened  to  cross-ties,  which  are  bedded,  and  to 
stakes  which  are  driven  in  the  bank  of  the  river.  The  channel  is 
straight  both  above  and  below  the  gage.  A  round  stump  on  the  west 
side  of  the  road  and  80  feet  north  of  the  north  end  of  the  north  truss 
of  the  bridge  and  a  square  stump  directly  opposite  on  the  east  side  of 
the  road  were  selected  as  bench  marks.  The  top  of  the  first  is  7.38 
feet  above  the  zero  of  the  gage,  and  the  top  of  the  second  is  7.66  feet 
above  the  zero  of  the  gage.  Bench  mark  3  is  the  standard  4-foot  iron 
post  of  the  United  States  Geological  Survey  and  is  located  44.5  feet 
east  of  gage,  60  feet  north  of  north  end  of  north  bridge  truss,  and  10 
feet  west  of  cottonwood  tree  6  inches  in  diameter.  Its  elevation  is 
7.06  feet  above  gage  datum.  The  following  discharge  measurements 
were  made  by  Adna  Dobson  and  O.  V.  P.  Stout  in  1897 : 

March  20,  gago  height,  2.90  feet ;  discharge;  4,963  second- feet. 
April  29,  gage  height,  3.93  feet;  discharge,  8,608  second-feet. 
May  5,  gago  height,  3.79  feet ;  discharge,  7,322  second-feet. 
May  26,  gage  height,  4.31  feet;  discharge,  10,694  second-feet. 
June  17,  gage  height,  4.37  feet;  discharge,  12,685  second-feet. 
July  11,  gage  height,  3.05  feet;  discharge,  4,001  second-feet. 
July  28,  gago  height,  2.43  feet ;  discharge,  994  second- feet. 
August  17,  gage  height,  3.18  feet;  discharge,  3,343  second-feet. 
August  29,  gage  height,  2.50  feet;  discharge,  1,649  second-feet. 
October  7,  discharge,  2  second-feet. 
November  20,  gage  height,  2.88  feet;  discharge,  2,645  second-feet. 

Daily  gage  heighty  in/eety  of  Platte  River  at  Columbus,  Kehraska,  for  1897. 


Day. 


1... 

2... 

3... 

4... 

6... 

6... 

7... 

8... 

9... 
10... 
11... 
12... 
13... 
14... 
16... 
16..., 


May. 


8.70 
3.75 
8.82 
3.95 
4.10 
4.05 
4.20 
4.15 
4.20 
4.20 
4.20 
4.30 
4.30 


June. 


4.90 
4.88 
4.88 
5.15 
4.95 
4.80 
4.80 
4.85 
4.90 
4.95 
5.00 
5.30 
5.20 
4.82 
4.68 
4.58 


July. 


3.90 
3.90 
8.82 
3.65 
3.35 
3.18 
3.10 
3.10 
3.10 
3.00 
2.85 
2.70 
2.70 
2.70 
2.70 
2.70 


Aug. 


(a) 

!*< 
(tf) 

(o) 

(a) 

(a) 

(a) 

(a) 

(a) 
(a) 
(a) 

(a) 
(a) 
(a) 
(a) 
(o) 


Sept. 


(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(o) 
(a) 
(a) 
(o) 
(a) 
(a) 
(a) 
(a) 
(a) 


Oct. 


(o) 
(a) 

(a) 
(a) 
(a) 
(a) 
(a) 

(a) 
(a) 

(a) 
(a) 
(a) 
(a) 
(a) 
(a) 

(a) 


Day. 


17 
18 
19 
20 
21, 
22 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31 


May. 


4.30 
4.40 
4.40 
4.28 
4.20 
4.20 
4.10 
4.00 
4.15 
4.30 
4.28 
4.48 
4.52 
4.75 
4.90 


Jane. 


4.42 
4.05 
3.90 
3.95 
4.20 
4.32 
4.22 
4.18 
4.25 
4.30 
4.30 
4.25 
4.15 
3.95 
(o) 


a  No  water  at  gage. 
Note. — August  17  rod  found  to  be  loose,  and  heights  Rubject  to  change. 
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NORFOLK  STATION  ON  ELKHORN  RIYER. 

This  station,  described  in  the  Eighteenth  Aunaal  Eeport,  Part  IV, 
page  190,  is  about  2  miles  sonth  of  Norfolk,  Nebraska,  near  the  line  of 
Thirteenth  street  extended.  The  gage  is  on  the  left  bank  of  the  river. 
It  consists  of  an  inclined  oak  piece,  2  by  4  inches,  12  feet  long,  resting 
on  beveled  blocks  which  rest  in  turn  on  horizontally  bedded  cross-ties. 
All  are  firmly  fastened  together  by  lag  screws.  The  zero  of  the  gage 
8  8.21  feet  below  a  small  spike  driven  horizontally  into  a  tree  near  the 
root,  about  20  feet  back,  and  downstream  from  the  gage.  Also,  the 
zero  of  the  gage  is  3.96  feet  below  the  head  of  a  lag  screw  which  is 
placed  vertically  in  the  horizontal  trunk  of  a  large  living  willow  tree 
which  overhangs  the  stream  about  15  feet  below  the  gage.  Bench  mark 
3  is  a  standard  4  foot  iron  pipe  of  the  United  States  Geological  Survey, 
located  35  feet  west  and  7  feet  north  of  top  of  gage,  and  15.5  feet  west 
of  ash  tree  on  which  is  bench  mark  1.  Its  elevation  is  10.70  feet  above 
zero  of  gage.  The  observer  is  Burr  Taft,  a  farmer,  whose  home  is  about 
300  yards  from  the  gage.  The  river  bed  at  the  station  is  composed  of 
sand  and  mud.  The  following  measurements  of  discharge  were  made 
by  O.  V.  P.  Stout  and  Adna  Dobson,  in  1897 : 

March  24,  gage  height,  2.72  feet;  discharge,  1,323  secoDd-feet. 
May  6,  gage  height,  2.02  feet ;  discharge,  647  second-feet. 
May  24,  gage  height,  1.38  feet;  discharge,  387  second-feet. 
Jane  21,  gage  height,  1.03  feet;  discharge,  270  second-feet. 
July  9,  gage  height,  0.90  foot;  discharge,  212  second-feet. 
July  30,  gage  height,  0.78  foot;  discharge  200  second-feet. 
Angnst  16,  gage  height,  0.89  foot;  discharge  220  second- feet. 
September  2,  gage  height,  0.68  foot;  discharge,  163  second-feet. 
October  15,  gage  height,  0.79  foot;  discharge,  168  second-feet. 
North  Fork : 
March  24,  discharge,  701  second-feet. 
May  6,  discharge,  166  second-feet. 
May  24,  discharge,  77  second-feet. 
July  30,  discharge,  70  second-leet. 
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Daily  gage  height^  in  feet,  of  Elkhom  River  at  Norfolk,  Nehnuka^  for  1897, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Cot 

1 

2.41 
2.30 
2.22 
2.15 
2.05 
2.01 
1.93 
1.93 
2.12 
1.95 
1.86 
1.80 
1.78 
1.74 
1.73 
1.66 
1.65 
1.65 
1.57 
1.52 
1.48 
1.47 
1.47 
1.38 
1.35 
1.34 

i.si' 

1.26 
1.24 
1.22 

1.22 
1.33 
1.34 
1.29 
1.26 
1.26 
1.24 
1.20 
1.16 
1.16 
1.15 
1.12 
1.11 
l.ll 
1.12 
1.09 
1.16 
1.15 

"i.'ii" 

1.03 
1.03 
1.04 
1.03 
1.00 
1.01 
1.00 
1.01 
1.07 
1.18 

1.21 

1.21 

1.12 

1.08 

1.02 

.96 

.95 

.89 

.88 

1.21 

1.36 

1. 10 

1.02 

1.00 

.96 

.91 

.89 

.86 

.82 

1.01 

1.02 

'"'."ii 

.90 
.86 
.86 
.82 
.81 

.7e 

.76 
.76 

0.70 
.75 
.80 
.81 
.81 
1.00 
.91 
1.06 
1.06 
1.03 
.97 
.96 
.90 
.96 
.95 
.90 
.81 
.86 
.86 
.81 
.76 
.76 
.76 
.74 
.75 
.72 
.70 
.71 
.67 
.70 
.64 

0.64 
.67 
.63 
.61 
.62 
.58 
.57 
.56 
.50 
.65 
.65 
.64 
.64 
.64 
.64 
.73 
.79 
.78 
.77 
.70 
.77 
.70 
.70 
.76 
.70 
.69 
.68 
.64 
.66 
.03 

0.63 

.62 

.60 

.61 

.61 

.64 

.64 

.70 

.67 

.71 

.72 

.71 

.85 

.85 

.77 

.84 

.94 

9.71 

1.02 

1.00 

.98 

.96 

.M 

.91 

.94 

.96 

.09 

1.06 

1.07 

1.09 

1.12 

2 

2.90 

3 

4.06 
5.95 

4 

5 

6 

2.86 

3.  oi 

5.66 

7 

6.43 
6.93 

8 

9 

2.52 

6.62 
6.27 
5.50 
5.26 
4.90 
4.52 
4.28 
4.08 
8.99 
3.98 
3.89 
3.93 
3.87 
3.72 
8.56 
3.42 
3.26 
3.10 
2.94 
2.82 
2.65 
2.51 

i 

10 

11 

12 

13 

2.99 

14 

- 

15 

' 

16 

2.66 

...  .| 

17 ' 

18 

19 

20 

4.24 

3.42 

22 

2.04 

24 

25 

26 

27 

3.22 

2.24 

28 

30 

31 

2.72 

WESTERN  RIVER  STATIONS. 

The  descriptions  of  the  remaining  river  stations,  mainly  within  the 
Eocky  Mountain  Region,  and  tables  of  river  height,  are  piinted  in 
Water-supply  and  Irrigation  Paper  No.  16,  since  the  publications  of 
this  series  are  limited  by  the  act  of  June  11, 1896,  to  100  pages  in 
length.  The  results  of  computations  of  discharge  and  facts  of  general 
interest  are  prepared  for  publication  in  the  Nineteenth  Annual  Report 
of  this  survey,  these  being  accompanied  by  diagrams,  maps,  and  other 
illustrations,  in  form  similar  to  the  report  of  progress  of  stream  meas- 
urements for  the  calendar  year  1896,  printed  in  the  Eighteenth  Annual 
Report,  Part  IV. 

[For  index,  see  Part  II  of  this  report — Water-Supply  Paper  No.  16.] 


Bizteenth  Annual  Report  of  the  United  States  Geological  Surrey,  1894-95,  Part  II, 
Papers  of  an  economic  character,  1895;  octavo,  5%  pp. 

Gontaljis  a  psper  on  tha  public  Imads  and  their  water  •nvply,  by  F.  H.  Vewell,  illnstrated  by 
a  large  map  abowliic  the  relative  extent  and  location  of  the  raeant  public  landa ;  also  a  report 
on  the  water  reeouroee  of  a  portion  of  the  Oreat  Plainly  by  Sobert  JBiay. 

A  geological  reconnoiaeanoe  of  northwestern  Wyoming,  by  George  H.  Eldridge,  1894; 
octavo,  72  pp.  Bulletin  No.  119  of  the  United  States  Geological  Survey ;  price, 
10  cents. 

Contains  a  deaeription  of  the  geologic  atmotore  of  portions  of  the  Big  Horn  Range  and  Big 
Horn  Basin,  especially  with  reference  to  the  coal  fields,  and  remarks  upon  the  water  supply  and 
agrienltnral  possibilities. 

Heport  of  progress  of  the  division  of  hydrography  for  the  calendar  year  189S-^,  by 
F.  H.  Newell,  1895;  octavo,  176  pp.  Bulletin  No.  131  of  the  United  States 
Geological  Survey ;  price,  15  cents. 

Conteins  resnlte  of  stream  measoremento  at  rarioospointe.  mainly  within  the  arid  region, 
and  records  of  wells  in  a  nomber  of  connties  in  western  Nebraska,  western  Kansas,  and  eastern 
Colorado. 

189«. 

Seventeenth  Annual  Report  of  the  United  States  Geological  Survey,  1895-96,  Part  II, 
Economic  geology  and  hydrography,  1896;  octavo,  864  pp. 

Conteins  papers  on  "  The  nndergronnd  water  of  the  Arkansas  Valley  in  eastern  Colorado,"  by 
O.K.Gilbert;  '' The  water  resonroes  of  Illinois,"  by  Frank  LcTorett;  and  "Preliminary  report 
on  the  artesian  waters  of  a  portion  of  the  Dakotas,    by  K.  H.  Barton. 

Artesian- well  prospects  in  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton,  1896: 
octavo,  230  pp.,  19  plates.  Bulletin  No.  138  of  the  United  States  Geological 
Survey ;  price,  20  cents. 

Gives  a  description  of  the  geologic  conditions  of  the  coastal  region  from  Long  Island,  N.  Y., 
to  Georgia,  and  contains  date  relating  to  many  of  the  deep  wells. 

lieport  of  progress  of  the  division  of  hydrography  for  the  calendar  year  1895,  by  F. 
H.  Newell,  hydrographer  in  charge,  1896;  octavo,  356  pp.  Bulletin  No.  140  of 
the  Unitea  States  Geological  Survey ;  price,  25  cents.  , 

Conteins  a  description  of  the  instramento  and  methods  employed  in  measuring  streams  and 
the  resnlte  of  hydrographic  investigations  in  various  parte  of  the  United  SStetes. 

1897. 

Highteenth  Annual  Report  of  the  United  States  Geological  Survey,  1896-97,  Part  IV, 
Hydrography,  1897;  octavo,  756  pp. 

Contains  a  *' Report  of  progress  of  stream  measurements  for  the  calendar  year  1896,"  by 
Arthur  P.  Davis;  **The  water  resources  of  Indiana  and  Ohio,"  by  Frank  Leverett;  *'New 
developmente  in  well  boring  and  irrigation  in  South  Dakota,"  by  K.  H.  Darton;  and  ''Keeer^ 
voire  for  irrigation,"  by  J.  D.  Schuyler. 

Water  Supply  and  Irrigation  Papers. 

This  series  of  papers  is  designed  to  present  in  pamphlet  form  the  resulto  of  stream  measure, 
mente  and  of  special  investigations.  A  list  of  these,  with  other  information,  is  g^ven  on  the 
outside  (or  fourth)  page  of  this  cover. 

Sorvey  bulletins  can  be  obtained  only  by  prepayment  of  cost,  as  noted  above. 
Postage  stamps,  checks,  and  drafts  can  not  be  accepted.  Money  should  be  trans- 
mitted by  postid  money  order  or  express  order,  made  payable  to  the  Director  of  the 
United  States  Geologploal  Survey.  Correspondence  relating  to  the  publications  of 
the  Survey  should  be  addressed  to  The  Director,  United  States  Geological  Survey, 
^Waahington,  D.  C. 


WATER-SUPPIiY  AND  IRRIGATION  PAPERS. 

1.  Pumping  water  for  irrigation,  by  Herbert  M.  Wilson,  1896. 

2.  Irrigation  near  Phoenix,  Arizona,  by  Arthur  P.  Davis,  1897. 

3.  Sewage  irrigation,  by  George  W.  Rafter,  1897. 

4.  A  reconnoissance  in  southeastern  Washington,  by  Israel  C.  Russell,  1897. 

5.  Irrigation  practice  on  the  Great  Plains,  by  £.  6.  Cowgill,  1897. 

6.  Undergronnd  waters  of  southwestern  Kansas,  by  Erasmus  Ha  worth,  1897 

7.  Seepage  waters  of  northern  Utah,  by  Samuel  Fortier,  1897. 

8.  Windmills  for  irrigation,  by  E.  C.  Murphy,  1897. 

9.  Irrigation  near  Greeley,  Colorado,  by  David  Boyd,  1897. 

10.  Irrigation  in  Mesilla  Valley, 'New  Mexico,  by  F.  C.  Barker,  1898. 

11.  River  heights  for  1896,  by  Arthur  P.  Davis,  1897. 

15.  Operations  at  river  stations,  1897,  Part  I,  1898. 

16.  Operations  at  river  stations,  1897,  Part  II,  1898. 
In  press: 

12.  Water  resources  of  southeastern  Nebraska,  by  Nelson  Horatio  Darton,  1896. 

13.  Irrigation  systems  in  Texas,  by  W.  F.  Hutson,  1898. 

14.  New  tests  of  certain  pumps  and  water  lifts  used  in  irrigation,  by  O.  P.  Hood, 

•^    1898. 

In  addition  to  the  above,  there  are  in  various  stages  of  preparation  other  papers 
relating  to  the  measurement  of  streams,  the  storage  of  water,  the  amount  avail- 
able from  underground  sources,  the  efficiency  of  windmills,  the  cost  of  pumping,  and 
other  details  relating  to  the  methods  of  utilizing  the  water  resources  of  the  country. 
Provision  has  been  made  for  printing  these  by  the  following  clause  in  t>he  snndiy 
civil  act  making  appropriations  for  the  year  1896-97 : 

Provided,  That  hereafter  the  reports  of  the  Geological  Survey  in  relation  to  the 
ganging  of  streams  and  to  the  methods  of  utilizing  the  water  resources  may  be 
printed  in  octavo  form,  not  to  exceed  100  pages  in  length  and  5^000  copies  in  nnm* 
ber;  1,000  copies  of  which  shall  be  for  the  official  use  of  the  Geological  Survey, 
1.500  copies  shall  be  delivered  to  the  Senate,  and  2,500  copies  shall  be  delivered  to 
tiie  House  of  Representatives,  for  distribution.  [Approved,  June  11, 1896;  Btak  L., 
vol.  29,  p.  463.] 

The  maximum  number  of  copies  available  for  the  use  of  the  Geological  Surrey 
is  1,000.  This  quantity  falls  far  short  of  the  demand,  so  that  it  is  impossible  to 
supply  all  requests.  Attempts  are  made  to  send  these  pamphlets  to  persons  who 
have  rendered  assistance  in  their  preparation  through  replies  to  schedules,  or  who 
have  furnished  data.  Requests  made  for  a  certain  paper  and  stating  a  reason  for 
asking  for  it  are  granted  whenever  practicable,  but  it  is  impossible  to  comply  with 
general  demands,  such  as  to  have  all  of  the  series  sent  indiscriminately. 

Application  for  these  papers  should  be  made  either  to  Members  of  Congress  or  to 
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LETTER  OF  TRANSMITTAL. 

Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 

Washhigton,  February  15 j  189S. 
Sir:  I  have  the  honor  to  transmit  herewith  brief  descriptions  of  the 
river  stations  at  which  work  was  carried  ou  by  the  Division  of  Hydrog- 
raphy of  this  Survey  during  1897,  together  with  tables  of  daily  height. 
Very  respectfully,  p   „   jf^WELL, 

Hon.  CHABLES  D.  WAi,ooTT,v  Hydrography  in  OMrge. 

Director  TJniisd  States  Ocological  Survey. 


OPERATIONS  AT  RIVER  STATIONS,  1897. 


INTBODUCTION. 

Descriptions  of  river  stations  in  the  eastern  part  of  the  United  States 
and  those  on  the  headwaters  of  the  Missouri  and  Platte  rivers  are 
given  in  paper  No.  15  of  this  series.  The  results  of  the  computations 
of  discharge,  together  with  diagrams,  maps,  and  other  illustrations,  are 
prepared  for  publication  in  the  Nineteenth  Annual  Report  of  this  Sur- 
vey, in  form  similar  to  the  results  for  1896,  given  in  the  Eighteenth 
Annual  Report,  Part  lY,  pp.  1-418.  The  descriptions  of  operations  at 
river  stations,  with  accompanying  tables  of  dailj^  gage  heights,  are 
printed  in  this  series  of  Water-Supply  and  Irrigation  Papers  in  order 
that  the  results  may  be  available  at  as  early  a  date  as  possible,  the 
preparation  and  printing  of  the  necessary  illustrations  for  the  annual 
report  requiring  much  time.  In  order  to  print  these  descriptions  in 
this  series  of  papers  it  has  been  found  necessary  to  divide  them  into 
two  parts,  as  by  the  act  of  June  11, 1896  (Stat.  L.,  Yol.  XXIX,  p.  453), 
the  papers  can  not  exceed  100  pages  in  length. 

The  subject-matter  of  this  and  the  preceding  paper  has  been  so 
arranged  as  to  follow  the  general  geographic  order  of  the  drainage 
basins,  beginning  at  the  extreme  east  and  extending  southerly  along 
the  Atlantic  slope,  then  taking  up  the  headwaters  of  the  Ohio,  next 
the  upper  Missouri  and  its  great  tributary  the  Platte.  This  material 
has  been  found  to  occupy  the  prescribed  limit  of  100  pages  of  paper 
No.  15.  In  the  present  paper  (No.  16),  the  stations  on  the  Republican 
Biver  and  other  tributaries  of  Kansas  River  are  taken  up;  then  those 
on  the  Arkansas  River,  Rio  Grande,  and  the  tributaries  of  the  great 
Colorado  River  west;  next  the  stations  on  the  rivers  of  the  great  inte- 
rior basin;  then  those  on  the  streams  flowing  into  Oolumbia  River;  and 
finally  the  stations  in  California. 

SUPBBIOB  STATION  ON  REPUBLICAN  RIYBR. 

This  station,  described  in  the  Eighteenth  Annual  Report  of  the 
United  States  Geological  Survey,  Part  IV,  page  199,  is  located  about  1 
mile  west  of  Superior,  Nebraska.  It  is  on  the  left  bank  of  the  river, 
about  26  feet  above  the  iron  highway  bridge.  A  dam  and  the  head  of 
a  mill  race  are  only  a  short  distance  below  the  bridge.    The  observer  is 
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T.  O.  ShefFer.  The  gage  consists  of  an  oak  piece  2  by  4  inches,  10  feet 
long.  The  face  is  inclined  30  degrees  to  the  horizontal,  and  the  foot- 
marks are  placed  2  feet  apart  to  correspond  to  this  inclination.  The 
rod  is  fastened  to  cross-ties  which  are  bedded  in  the  bank  of  the  river. 
The  location  is  on  the  outside  of  an  easy  bend  in  the  river.  The  bed 
of  the  river  is  of  mud  and  sand.  The  top  of  the  rim  of  the  upstream 
cylinder  of  the  north  pier  is  15.42  feet  above  zero  of  the  gage.  Bench 
mark  2  is  the  standard  4-foot  iron  pipe  of  the  United  States  Geological 
Survey.  It  is  83  feet  north  of  the  upstream  cylinder  of  the  north  pier 
of  the  bridge  and  is  10  feet  west  of  the  line  of  the  upstream  truss  of 
the  bridge.  It  is  1  foot  inside  a  wire  fence.  The  top  of  the  pipe  is  4 
inches  above  the  ground  and  the  elevation  is  4.88  feet  above  gage  datum. 
The  following  measurements  were  made  in  1897  by  Adua  Dobson  and 
O.  Y.  P.  Stout : 

April  12,  gage  height,  1.12  feet;  discharge,  1,257  seooud-feet. 
April  24,  gage  height,  0.99  foot;  discharge,  887  secoud-fcet. 
May  18,  gage  height,  0.45  foot;  discharge,  337  second-feet. 
June  12,  gage  lieight,  0.72  foot;  discharge,  716  second-feet. 
July  8,  gage  height,  0.87  foot ;  di8ch<arge,  766  second-feet. 
July  18,  gage  height,'t).32  foot;  discharge,  222  second-feet. 
August  6,  gage  height,  0.49  foot;  discharge,  372  second-feet. 
August  22,  gage  height,  —  0.05  foot ;  discharge,  195  second-feet. 
Septemher  25,  gage  height,  0.04  foot ;  discharge,  81  second-feet. 
October  24,  gage  height,  0.02  foot;  discharge,  184  second-feet. 

■ 

',       Daily  gage  height,  infeH,  of  Mepuhlican  River  at  Superior,  Nebraska,  for  1897. 


I>ay. 

Jan. 

Feb. 

1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 

Mar. 

Apr. 

May. 

0.87 
.77 
.69 
.67 
.64 
.66 
.03 
.60 
.77 
.80 
.66 
.62 
.60 
.54 
.52 
.50 
.48 
.45 
.42 
.38 
.35 
.37 

1.10 
.63 
.61 
.57 
.63 
.42 
.40 
.32 
.27 

Jimo. 

0.28 
.27 
.32 
.32 
.27 
.36 
.54 
.40 
.34 
.31 
.92 
.74 
.54 
.71 
.48 
.76 
.79 
.74 
.66 
.68 
.68 
.47 
.43 
.48 
.83 
2.42 
4.38 
1.87 
1.78 
1.72 

July. 

1.48 

.75  , 

1.65  1 

1.89 

1.35 

2.15 

1.64 

1.80 

1.48 

1.06 

.94 

.70 

.51 

.89 

.34 

.28 

.28 

.32 

.25 

.34 

.30 

.22 

.66 

.69 

.15 

.23 

.16 

.84 

.30 

.17 

.14 

Aug. 

Sept. 

Oct. 

—0.12 

—  .34 
.00 

—  .35 

1 

0.08 
.12 
.08 
.07 
.12 
.48 
.20 
.57 
.56 
.45 
.45 
.56 
.54 
.55 
.10 
.14 
.14 
.18 
.21 
.31 
.24 
.30 
.27 
.57 
.50 
.39 
.31 
.26 
.23 
.14 
.11 

0.12 
.06 
.01 

—  .06 

4  .04 
.03 
.01 

—  .20 

—  .25 

—  .10 

—  .02 
+  .20 

.60 
.00 
.01 
.36 
.26 
.26 
.15 
.10 
.05 
.04 

—  .05 
+  .01 

.02 
.85 

—  .12 

—  .09 

—  .06 

—  .05 

2 

0.75 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 

0.84 

0.97 

3 

i 

'.'76' 
.70 

1.00 
1.67 
1.60 
1.05 
1.18 

6 

.30 

6 

—  .58 

7 

.30 

—  .52 

—  .71 

—  .50 
.35 

—  .30 
.53 

—  .58 

—  .90 
\    .04 

1.22 
1.30 
1.25 
1.19 
1.11 
1.10 
1.11 

—  .05 
+  1.06 

1.08 
2.45 
2.32 
1.53 
1.45 

8 

9 .«.. 

l!T2 

10 

.64 

1.08 

1.09 

1.12 

1.14 

1.07 

1.09 

1.62 

1.31 

1.14 

1.08 

1.05 

1.03 

1.02 

.92 

1.00 

.98 

.88 

.82 

1.32 

1.20 

.98 

11 

12 

13 

u: 

15 

1.01 

.71 

16 

17 

.55 

18 

19 

1.00 

"'.hi' 

'".'sk' 

.65 

20 

.90 

21 

22 r 

23 

1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 

24 

25 

i.22 



26 

27 

.64 

28 

29 

30 

31 

1.01 

1 

.81 

1 
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JUNCTION  OITY  STATION  ON  BEPUBLICAN  BIVEE, 

This  station,  as  described  in  the  Eighteenth  Annual  Bepprt,  Part 
IV,  page  203,  is  located  at  the  wagon  bridge  at  the  north  end  of  Wash- 
ington street,  Junction  City,  Kansas.  The  observer  is  John  Davis. 
The  gage  consists  of  two  oak  timbers  bolted  to  a  post  and  to  a  cotton- 
wood  tree.  One  bench  mark  consists  of  a  60-penny  nail  driven  into 
the  base  of  the  abutment  at  an  elevation  of  10.67  feet  on  the  scale.  A 
second  bench  mark  is  the  top  of  the  stone  in  the  base  of  the  bridge 
abutment,  18  feet  south  of  the  gage;  its  elevation  is  14.51  feet.  A 
subsidiary  gage  for  determining  the  slope  has  been  placed  507  feet 
upstream,  and  referred  to  the  same  datum.  The  right  bank  is  high, 
but  the  left  is  low  and  may  overflow  in  high  water.  The  bed  of  the 
stream  is  sandy  and  changeable.  The  following  are  the  discharge 
measurements  made  in  1897  by  W.  Q.  Eussell : 


Feb.  23.. 
Mar.  23.. 

Apr.  7 

Apr.20... 
Apr.27.. 
May  6... 


Gaffe 
height. 

Dis- 
charge. 

JPeef. 

See./t. 

4.30 

1,021 

3.80 

611 

4.30 

1,015 

4.90 

1, 433 

6.10 

3,565 

3.60 

1,078 

May  21 . 
June  1  . 
Jane  16 
June  30 
July  13. 


Feet. 
.3.10 
3.70 
6.30 
7.40 
5.95 


Dis- 
charge. 


See./t. 
725 
869 
3,637 
6,053 
3,141 


Date. 


July  28 
Aug.  18 . 
Sept.  30. 
Oct.  26.. 
Nov.  12 . 


Gage 
height. 

Dis- 
charge. 

Feet. 

See./t. 

4.45 

1,367 

4.20 

1,243 

2.30 

175 

2.80 

313 

3.50 


616 


Daily  gage  height,  in  feet y  of  Ttepuhlican  Hirer  at  Junction  Cityy  Kansas  for  1897. 


May.  June.  'July. 


2.05 

3.45 

3.00 

2.85 

3.40 

3.60 

3.  05 

2.85 

2.75 

2.70 

2.85 

3.60 

3.35 

3.55 

4.80 

5.25 

5.00 

4.15 

4 

3, 

3, 

2 

2. 

2 


2.30 
2.35 
2.50 
2.30 


2. 
2. 


30 
30 


2.30 


35  ! 


2. 
2. 
2. 


30 
30 
30 


30 
00 
85 
70 
70 
2.65 
2.60 
2.60 
2.60 
2.85 
2.90 
2.80 


2.30 
2.30 
3.05 
3.25 
3.05 
2.75 
2.  GO 
2.50 
2.40 
2.40 
2.35 
2.30 


Sept. 

Oct. 

Nov. 

2.75 

2.30 

4.15 

2.60 

2.30 

3.60 

2.55 

2.30 

3.40 

2.50 

2.20 

3.30 

2.50 

2.20 

3.35 

2.50 

2.20 

3.40 

2.50 

2.20 

3.40 

2.35 

2.20 

.3.40 

Deo. 


2.20 
2.20 
2.20 
2.20 
2.20 
2.15 
2.10 
2.20 
2.40 
2.40 
2.40 
2.55 
2.85 
3.00 
3.00 
3.00 
2.00 
2.80 
2.90 
2.80 
2.80 
2.80 
2.00 


3.50 
<  3.50 
3.50 
3.50 
i  3.50 
I  3.50 
>  3.45 
I  3.40 
:  3.40 


40 
40 


3.40 
3.40 
3.40 
3.40 
3.35 
3.30 
3.40 
3.40 
3.35 
2.85 
2.70 


2.70 
2.80 
3.10 
3.20 
3.30 
3.30 
3.30 
3.30 
3.40 
3.50 
3.40 
3.45 
3.55 
3.50 
3.50 
3.60 
3.60 
3.60 
3.60 
3.50 
3.40 
3.50 
3.50 
3.50 
B.60 
3.55 
3.65 
3.80 
3.00 
3.80 
3.80 
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BBLOIT   STATION  ON  SOLOMON  BIYEB. 

This  station,  described  in  the  Eighteenth  Annual  Eeport,  Part  lY, 
page  207,  is  located  at  the  wagon  bridge  on  the  south  edge  of  the  town 
of  Beloit,  Kansas.  The  observer  is  W.  F.  Jordon.  The  rod  of  the  wire 
gage  is  a  spmce  board,  12  feet  long,  graduated  in  feet  and  tenths, 
spiked  to  the  upstream  edge  of  the  bridge  Hoor,  over  the  deepest 
water.  The  bench  mark  consists  of  a  tenpenny  nail  driven  into  the 
base  of  a  cottonwood  tree  35  feet  northwest  of  the  pier  apon  which  the 
marks  are  made.  Its  elevation  is  13.70  feet.  Measurements  were  made 
from  the  bridge,  the  initial  point  being  at  the  south  edge  of  the  stone 
abutment  on  the  left  bank  of  the  stream.  This  station  was  discon- 
tinued on  June  30, 1897,  as  a  more  favorable  location  was  found  at 
Niles,  and  a  station  was  therefore  established  at  the  latter  place.  The 
following  discharge  measurements  were  made  in  1897  by  W.  G.  Bussell: 

Febraary  23,  gage  height,  3.50  feet ;  discharge,  102  second-feet. 
March  23,  gage  lieight,  2.70  feet;  discharge,  24  second-feet. 
April  7,  gage  height,  4.20  feet;  discharge,  508  second-feet. 
April  20,  gage  height,  3.55  feet;  discharge,  247  second-feet. 
April  28,  gage  height,  3.40  feet;  discharge,  270  second-feet. 
May  20,  gage  height,  3.10  feet;  discharge,  197  second-feet. 
Jane  15,  gage  height,  7.80  feet;  discharge,  2,565  seoond-feet. 

Daily  gage  height,  in  feet,  of  Solomon  River  at  Beloit,  Kansas,  for  1897, 


Day. 
1.... 

J  An. 

Feb. 
3.25 

Mar. 

Apr. 

May. 

June. 

1 
Day. 

Jan. 
2.80 

Fob. 

Mar. 
3.35 

1 

Apr. '  May. 

June. 

3.20 

3.65 

3.65 

3.70 

2.55 

17 

3.65 

3.45 

3.15 

15.00 

2.... 

3.20 

2.95 

8.45 

3.60 

3.55 

2.75 

18 

3.40 

3.90 

3.60 

3.30 

3.15 

5.20 

3.  • . . 

2.45 

8.40 

3.45 

3.70 

3.45 

3.00 

19 

3.45 

3.60 

3.35 

3.50 

3.05 

3.90 

4.... 

3.10 

2.00 

3.85 

5.80 

3.45 

2.75 

20 

3.45 

8.55 

3.60 

3.35 

3.00 

3.65 

5.... 

2.40 

3.40 

3.65 

4.70 

3.30 

2.90 

1  21 

3.40 

3.15 

3.10 

3.60 

3.05 

3.65 

6.... 

3.15 

8.40 

3.70 

4.55 

3.25 

2.60 

1  22 

3.40 

3.50 

3.60 

8.00 

2.90 

4.00 

7.... 

2.85 

2.  GO 

3.10 

4.05 

3.25 

2.65 

23 

3.40 

8.45 

3.15 

3.60 

2.90 

8.05 

8.... 

3.05 

3.40 

3.40 

3.90 

8.40 

2.75 

24 

2.95 

3.45 

3.45 

7.10 

3.65 

4.00 

9.... 

3.05 

3.35 

3.65 

4.45 

3.05 

2.70 

25 

2.95 

8.45 

3.60 

8.90 

3.85 

6.00 

10.... 

2.85 

3.35 

3.35 

4.20 

3.20 

2.75 

26 

3.45 

3.40 

3.05 

3.55 

3.20 

3.90 

11.... 

3.40 

3.45 

3.50 

4.05 

8.80 

4.85 

27 

3.35 

3.50 

3.50 

3.50 

3,00 

14.75 

12.... 

3.10 

3.55 

3.45 

4.05 

3.55 

11.55 

28 

3.40 

2.60 

3.25 

8.45 

2.50 

22.35 

13.... 

3.80 

8.40 

3.45 

3.80 

3.30 

6.70 

29 

2.00 

3.70 

3.66 

3.00 

19.45 

U.... 

2.75 

3.00 

3.10 

3.65 

3.25 

3.55 

30 

8.35 

3.05 

3.95 

2.60 

5.25 

15.... 

8.20 

3.40 

3.35 

3.65 

3.10 

12.10 

31 

2.55 

3.65 

3.00 

le,... 

3.40 

8.45 

3.45 

3.4o 

3.10 

23.25 
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NILBS  STATION  ON  SOLOMON  BIYER. 

This  station  is  located  at  a  bridge  one-half  mile  west  of  Niles,  Kansas, 
and  was  established  May  5y  1897.  The  rod  of  the  wire  gage  is  spiked 
to  the  floor  of  the  bridge.  It  is  1  by  4  inches  by  24  feet  long.  The 
bench  mark  is  the  upper  one  of  three  nails  driven  into  a  cottonwood 
tree  18  inches  in  diameter,  north  side  of  the  river  and  25  feet  east  of 
the  bridge.  Its  elevation  is  24.96  feet  above  gage  datum.  The  initial 
point  for  soundings  is  on  the  right  bank.  The  channel  is  straight  for 
about  100  feet  above  and  below  the  section.  The  current  is  sluggish. 
The  right  bank  is  high,  and  the  left  bank  overflows  only  in  very  high 
water.  The  bed  of  the  stream  is  muddy.  The  observer  is  J.  J.  Little. 
The  following  discharge  measurements  were  made  in  1897  by  W.  G-. 
Bussell : 


Date. 


May  5.. 
May  20. 
June  1  . 
June  15 
Jane  16 


Gage 
height. 

Dis- 
charge. 

Feet, 

See.  ft. 

6.60 

386 

5.70 

253 

5.30 

179 

13.60 

1,898 

9.40 

974 

• 

Date. 


June  17 
Juno  18 
June  18 
Julyl.. 
July  13. 


Gage 
eight. 


heig^ 


Fe£t. 
13.55 
16.95 
18.25 
20.70 

7.56 


Dis- 
charge. 


See.  ft. 
2,083 
3,159 
3,701 
4,856 
451 


Date. 


July  28 
Aug.  18 
Sept.  30 
Oct.  25. 
Nov.  12 


Gage 
height. 


Feet. 
5.80 
5.60 
4.80 
4.50 
4.80 


Dis- 
charge. 


See.  ft. 

193 

193 

95 

83 

96 


Daily  gage  heighty  in  feet,  of  Sol&mon  River  at  Nilee,  Kansae,  for  1897, 


Day. 

May. 

Jime. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

4.90 
4.86 
4.80 
6.25 
6.15 
6.10 
6.15 
6.00 
4.85 
4.90 
6.00 
4.95 
4.85 
4.95 
4.60 
4.60 
4.80 
4.90 
4.90 
4.95 
5.00 
4.85 
4.80 
4.80 
4.90 
4.75 
4.90 
4.95 
4.60 
4.90 

Deo. 

6.30 
5.15 
5.15 
6.20 
5.20 
5.25 
5.15 
5.16 
5.20 
5.25 
5.20 
6.30 

'"5.06" 
^.00 

'5.36"' 
6.30 

"5.' 30" 

1 

5.35 

5.20 

5.15 

5.15 

5.20 

5.15 

5.10 

5.05 

5.10 

5.10 

5.05 

4.80 

4.80 

9.70 

13.50 

8.80 

10.90 

17.45 

20.00 

17.85 

9.25 

8.65 

7.70 

8.70 

11.25 

13.50 

11.10 

9.15 

12.90 

18.50 

20.95 
21.17 
13.35 
8.95 
9.00 
8.55 
7.80 
7.35 
7.10 
8.95 
10.40 
9.80 
7.85 
7.45 
8.05 
7.10 
6.60 
6.35 
6.25 
6.20 
6.05 
6.16 
5.90 
5.80 
6.70 
5.85 
6.85 
5.90 
6.95 
8.00 
7.00 

6.40 
6.15 
5.95 
6.80 
6.70 
6.05 
■    6.75 
5.50 
6.86 
5.65 
5.45 
5.35 
6.50 
6.40 
5.80 
6.20 
5.90 
5.65 
5.65 
6.60 
5.40 
5.35 
5.30 
5.20 
5.20 
5.25 
5.15 
5.05 
4.95 
4.85 

4.80 
4.95 
4.95 
4.80 
4.85 
4.85 
4.76 
4.75 
4.65 
4.60 
4.60 
4.65 
4.55 
4.50 
4.55 
4.90 
4.70 
4.55 
4.40 
4.60 
4.45 
5.05 
6.60 
5.40 
5.25 
6.10 
4.90 
4.95 
4.76 
4.80 

4.80 
4.70 
4.55 
4.50 
'  4.30 
4.75 
4.65 
4.50 
4.60 
4.55 
4.80 
4.35 
4.80 
4.65 
4.65 
4.55 
4.70 
4.66 
4.55 
5.10 
6.16 
4.90 
4.80 
4.70 
4.75 
4.75 
4.75 
4.90 
6.05 
4.95 
4.95- 

2 

3 

4 

5 

6 

6.45 
6.10 
6.02 
6.05 
6.20 
6.35 
6.8C 
6.05 
6.15 
6.50 
6.05 
6.00 
5.85 
6.85 
5.80 
5.60 
5.55 
6.45 
5.30 
6.30 
5.35 
0.70 
8.30 
6.50 
6.85 
5.55 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
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BEVERLY  STATION  ON   SALINE  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  210,  is  located  at  the  iron  highway  bridge  one-half  mile  southwest 
of  Beverly,  Kansas.  The  observer  is  Jerome  Wilson,  who  lives  about 
one-half  mile  from  the  station.  The  gage  is  an  inclined  timber,  fastened 
to  trestles  which  are  set  in  the  ground  and  well  loaded  down  with 
rock.  It  is  graduated  up  to  18  feet,  and  one  of  the  iron  cylinder 
bridge  piers  is  then  graduated  up  to  30  feet.  The  bench  mark  is  the 
top  of  the  lower  iron  strut  at  the  north  end  connecting  the  two  south 
piers.  Its  elevation  is  18.95  feet  above  the  zero  of  the  gage.  This  sta- 
tion was  discontinued  on  June  30, 1897,  as  a  more  favorable  location 
was  found  at  Salina,  and  a  station  was  therefore  established  at  the  lat- 
ter place.  The  following  measurements  of  discharge  were  made  in  1897 
by  W.G.Russell: 

February  24;  gage  height,  4.70  feet;  discliaTge,  67  second-feet. 
March  26,  gage  height,  4.60  feet;  discharge,  53  socond-feet. 
April  15,  gage  height,  5.40  feet;  discharge,  161  secoud-fect. 
April  30,  gage  height,  5.80  feet;  discharge,  196  second-feet. 
Jnuo  2,  gage  height,  4.80  feet;  discharge,  75  second-feet. 

Daily  gage  height,  in  feet,  of  Saline  Biver  at  Beverly ,  Kansas,  for  1897. 


Day. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 


Jan. 

Feb. 

Mar. 

4.45 

4.40 

4.55 

4.20 

4.60 

4.80 

4.70 

4.35 

4.30 

4.70 

4.25 

4.20 

4.45 

4.40 

4.55 

4.85 

4.50 

4.20 

4.66 

4.55 

4.60 

4.85 

4.40 

4.55 

4.50 

6.00 

4.50 

4.70 

4.70 

4.65 

4.60 

6.30 

4.50 

6.05 

6.15 

4.50 

4.60  '  5.40 

4.85 

4.65 

5.00 

4.35 

Apr. '  May 


4.65 
4.65 
4.55 
4.65 
7.85 
8.80 
6.40 
5.95 
5.95 
6.50 
6.65 
6.10 
5.75 
5.55 
6.45 
5.35 


June. 


7.05 
7.05 
6.20 
5.95 
5.75 
5.65 
5.55 
6.65 
6.50 
5.46 
5.50 
5.45 
6.50 
6.50 
5.50 
6.25 


4.80 
4.70 
4.75 
4.60 
4-75 
4.75 
4.70 
4.60 
4.75 
4.50 
4.65 
4.60 
4.50 
4.55 
4.65 
4.55 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 

Feb. 
4.95 

4.60 

4.75 

4.35 

5.15 

4.50 

4.75 

4.95 

4.55 

4.60 

4.85 

4.35 

4.75 

4.75 

4.45 

4.70 

4.70 

4.30 

4.70 

4.75 

4.60 

4.60 

4.65 

4.45 

4.60 

4.65 

4.46 

3.90 

4.70 

4.45 

3.90 

4.75 

4.45 

3.90 

4.60 

4.50 

4.20 

4.40 

4.20 

■••••- 

4.40 

4.30 

4.70 

Apr. 

May. 

June. 

5. 26     5. 20 

4.45 

5. 15  1  5. 15 

4.45    1 

5. 10     5. 10 

4.65 

5. 05     5. 05 

4.50 

5.  05     5. 00 

4.46 

5. 00     4. 95 

4.65 

5.00 

4.90 

4.55 

6.00 

4.90 

4.40 

7.20 

4.86 

4.40 

6.35 

4.85 

4.45 

5.45 

4.85 

7.70 

6.45 

4.80 

17.50 

6.45 

4.70 

7.85 

5.80 

4.70 

6.35 

4.60 
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SAXINA  STATION  ON  SALINE  RIYEB. 


This  station  is  located  at  a  bridge  4.5  miles  northeast  of  Salina, 
Kansas.  The  rod  of  the  wire  gage  is  spiked  to  the  floor  of  the  bridge. 
It  is  1  by  4  inches,  and  24  feet  long.  Bench  mark  1  is  a  nail  in  an  elm 
2  feet  in  diameter,  on  the  north  side  of  the  river  and  6  feet  west  of  the 
bridge,  and  its  elevation  is  22.90  feet  above  gage  datum.  Bench  mark 
2  is  six  nails  driven  into  a  16-inch  box  elder  on  north  side  of  river  and 
35  feet  east  of  the  bridge.  Its  elevation  is  22.90  feet  above  datam. 
The  channel  is  straight  for  a  little  distance  above  and  below  the  sta- 
tion. Both  banks  are  high,  and  are  not  liable  to  overflow.  The  bed  of 
the  stream  is  sandy  and  muddy.  The  observer  is  H.  W.  Barr.  The 
following  discharge  measurements  were  made  during  1897  by  W,  G. 
Eussell: 

May  4,  gage  hoight,  7.00  feet;  discharge,  333  second-feet. 
May  17,  gage  height,  4.90  feot;  discharge,  135  second- feet. 
May  31,  gage  height,  3.90  feet;  discharge,  73  second-feet. 
Jane  18,  gage  height,  3.50  feet;  discharge,  GO  second-feet. 
June  28,  gage  height,  3.20  feet;  discharge,  45  second-feet. 
Jnly  14,  gage  height,  3.40  feet;  discharge,  54  second-feet. 
Jaly  26,  gage  height,  3.30  feet ;  discharge,  51  second-feet. 
Angust  19,  gage  height,  4.90  feet;  discharge,  152  seoond-feet. 
Septemher  28,  gage  height,  2.80  feet;  discharge,  26  second-feet. 
October  20,  gage  height,  2.50  feet;  discharge,  17  second- feet. 
November  11,  gage  height,  2.90  feet;  discharge,  29  second-feet. 

Daily  gage  height,  in  feet,  of  Saline  River  at  Salinay  Kansas,  for  1897. 


Day. 

May. 

Jane. 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

Deo. 

3.15 
3.05 
3.10 
3.15 
3.10 
3.20 
3.05 
3.15 
3.15 
3.15 
2.85 
2.95 
3.20 
3.35 
3.15 
3.15 

_(«) 

"i'Ah" 
"ziih" 

"3.'26"" 

"3."i6" 

1 

3.70 
3.70 
3.75 
3.75 
3.65 
3.80 
3.00 
3.75 
3.75 
3.75 
3.75 
3.70 
3.50 
3.55 
3.55 
3.50 
3.55 
3.55 
3.50 
3.45 
3.45 
3.45 
3.45 
3.30 
3.50 
3.55 
3.35 
3.30 
11.16 
14.90 

9.50 
5.10 
4.40 
4.10 
3.90 
3.85 
3.70 
3.70 
3.60 
3.75 
3.95 
3.85 
3.70 
3.45 
3.35 
3.40 
3.35 
3.45 
3.25 
3.20 
3.80 
3.40 
3.10 
3.00 
8.00 
3.20 
3.15 
3.00 
3.05 
3.00 
3.05 

3.00 
3.05 
3.15 
3.25 
3.05 
3.05 
8.05 
3.05 
2.05 
2.85 
3.05 
3.15 
3.10 
3.30 
3.45 
3.40 
7.35 
6.75 
4.80 
4.15 
3.85 
3.90 
4.00 
3.80 
3.50 
3.50 
3.50 
3.85 
3.30 
8.30 
8.10 

3.10 
3.05 
3.00 
3.05 
3.10 
3.05 
3.00 
3.00 
2.95 
2.85 
2.80 
2.75 
2.65 
2.65 
2.65 
2.85 
3.45 
2.95 
2.90 
2.90 
2.85 
2.75 
2.80 
2.85 
2.75 
2.90 
2.75 
2.75 
2.75 
2.70 

2.50 
2.45 
2.60 
2.60 
2.60 
2.50 
2.50 
2.50 
2.45 
2.55 
2.75 
2.80 
2.70 
2.56 
2.55 
2.65 
2.90 
2.80 
2.65 
2.65 
3.35 
3.70 
3.50 
3.55 
3.60 
3.40 
3.45 
3.45 
3.10 
3.05 
3.25 

8.15 
3.15 
2.85 
3.10 
2.80 
2.85 
3.00 
2.05 
3.10 
3.00 
3.05 
3.15 
3.05 
2.95 
3.05 
2.95 
3.05 
2.95 
3.05 
3.10 
3.10 
3.05 
3.10 
3.05 
3.10 
3.05 
8.25 
8.15 
3.15 
8.20 

2 

3 

4 

7.00 
6.35 
5.90 
5.65 
5.40 
5.30 
5.25 
5.15 
5.10 
5.15 
5.10 
5.05 
5.00 
4.90 
4.55 
4.70 
4.65 
4.50 
4.45 
4.35 
4.25 
4.25 
4.10 
4.05 
4.10 
4.05 
3.90 
3.85 

5 

6 

7 

8 

0 

10 

11 

12 

13 

u 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

a  Frozen. 
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BLLSWORTH  STATION  ON  SSIOKT  HILL  BIYEB. 


This  Station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  212,  is  located  at  the  highway  bridge  on  Douglas  avenue,  Ells- 
worth, Kansas.  The  observer  is  Jiobert  Martin,  who  lives  about  100 
yards  north  of  the  bridge.  The  gage  is  an  inclined  ash  timber  spiked 
to  a  post  driven  in  the  bed  of  the  river  and  bolted  to  an  iron  post  of 
the  bridge  pier.  The  bench  mark  is  a  nail  driven  in  the  base  of  a  large 
box-elder  tree  near  the  southeast  corner  of  the  bridge,  90  feet  from  the 
gage,  aiKl  its  elevation  is  13.07  feet  above  the  zero.  A  slope  gage  is 
spiked  to  the  Frisco  railroad  bridge  2,536  feet  upstream  and  is  referred 
to  same  datum.  The  channel  is  nearly  straight  above  and  below  the 
bridge,  and  the  bed  is  sandy  and  shifting.  The  following  discharge 
measurements  were  made  by  W.  G.  Eussell  in  1897. 


Date. 


Feb.  26 . . 
Mar.  29.. 
Apr.  6 . . . 
Apr.  23 . . 

May  8... 


Gage 

height. 

Feet, 

Dis- 
charge. 

Sec/t. 

1.30 

40 

1.15 

30 

2.30 

287  ' 

1.45 

80  ' 

1 

1.70 

141 

1 

Date. 


May  17. 
Juno  4  . 
June  28 
July  15. 
July  26. 


Gaee 
height. 

Dia. 

cliarge. 

Feet, 

Sec.  ft. 

1.80 

167 

1.80 

57 

1.40 

79 

1.30 

43 

1.20 

38 

Date. 


Aug.  17. 
Aug.  24. 
Sept.  24 
Oct.  19 . 
Nov.  9-., 


Gaffe 
height. 

Dis- 
charge. 

Feet. 

See./L 

1.60 

84 

2.30 

301 

1.25 

57 

1.40 

77 

1.30 

49 

Daily  gage  heightf  in  feet,  of  Smoky  Hill  Biver  at  Elhworik,  Ka%9as,  for  18tV. 


Day. 

Jan. 

Feb. 

1.40 
1.40 
1.45 
1.50 
1.50 
1.55 
1.70 
1.65 
l.GO 
2.00 
1.85 
1.55 
2.00 
1.85 
1.75 
1.65 
1.95 
2.00 
1.85 
1.70 
1.55 
1.40 
1.46 
1.40 
1.40 
1.35 
1.20 
1.35 

Mar. 

Apr. 

1.20 
1.25 
1.35 
2.10 
2.60 
2.30 
2.15 
2.15 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

1 

2 

3 

1.20 
1.10 
1.30 
1.35 
1.20 
1.20 
1.25 
1.35 
1.45 
1.40 
1.40 
1.45 
1.30 
1.76 
1.60 
1.25 
1.36 
1.25 
1.40 
1.40 
1.40 
1.45 
1.55 
1.35 
1.35 
1.30 
1.85 
1.35 
1.85 
1.40 
1.40 

1.40 
1.80 
1.20 
1.80 
1.80 
1.30 
1.80 
1.30 
1.26 
1.26 
1.20 
1.20 
1.16 

2.60 
2.35 
2.25 
2.05 
1.86 
1.80 
1.70 

1.40 
1.35 
1.80 
1.30 
1.80 
1.30 
1.30 
1.40 
1.30 
1.30 
1.30 
1.25 
1.20 
1.20 
1.20 

1.85 
1.30 
1.25 
1.20 
1.20 
1.15 
1.10 
1.10 
1.05 
1.20 
1.20 
1.16 
1.15 
1.10 
1.20 
1.25 
1.20 
1.20 
1.15 
1.23 
1.13 
1.10 
1.06 
1.16 
1.26 
1.20 
1.20 
1.26 
1.35 
1.60 
1.45 

1.88 
1.45 
1.30 
1.20 
1.20 
1.15 
1.20 
1.15 
1.10 
1.10 
1.00 
1.00 
1.15 
1.45 
1.80 
L70 
1.60 
1.50 
1.40 
L30 
L20 
1.16 
2.15 
2.80 
2.15 
1.95 
L85 
1.75 
1.66 
1.60 
1.63 

1.45 
1.40 
1.35 
1.80 
1.25 
1.20 
1.15 
1.10 
1.10 
1.10 
1.10 
1.05 
1.00 
1.00 
1.05 
1.66 
1.25 
1.20 
1.15 
1.25 
1.40 
1.86 
1.30 
1.26 
1.20 
1.15 
1.10 
1.10 
1.06 
LOO 

1.00 
1.00 
LOO 
.95 
.95 
.95 
.90 
.90 
.90 

LIO 
L20 
L30 
L40 
L85 
L35 
L35 
L30 
1.20 

1.20 
LIO 
LIO 
LIO 
LIO 
LIO 
LIO 
H5 
L15 
L15 
L20 
L20 
LIS 
LIO 
L15 
LIS 
LOS 
LIO 
L20 
L20 
L20 
L20 
L20 
L20 
L20 
L25 
L35 
L35 
L40 
L45 
L55 

4 

6 

6 

7 

8 

9 

2.15  1  1  70 

10 

11 

12 

2.15 
2.05 
1.95 
1.80 

1.65 
1.85 
2.10 
2.20 
2.15 
2.05 

.90     1.30 
.90     L26 
.90     L25 
.90  '  1.25 

13 

14 

1. 15     1. 70 
1. 15     1. 65 
1. 15     1. 60 
1.20  1  1.60 
1. 20     1. 55 
1.15     1-.W 

.90 
.90 
1.00 
L50 
L45 
L40 
L40 
L36 
L30 
L30 
L25 
L26 
L25 
1,25 
L20 
L15. 
L15 
1.10 

L25 
L20 
L16 
L16 
L16 
1.20 
L20 
L20 
L20 
L16 
L20 
L15 
LIO 
1.00 
LOO 
LOO 
LOO 

16 

1« 

1.85  1  J.  60 
1.75  !  2.10 
1. 70  1  2. 10 
1.60  ,  1.86 
1.50     1.80 
1. 50     1. 70 
1. 00     1. 55 

17 

18 

19 

20 

1.15 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.16 
1.16 
1.20 

1.50 
1.45 
1.46 
1.45 
1.60 
1.55 
1.50 
1.65 
1.60 
1.86 
2.80 

21 

22 

23 

2.16 
1.95 
1.75 
1.60 
1.65 
1.50 
1.50 
1.60 
1.45 

1.46 
1.40 
1.50 
1.50 
1.45 
1.40 
1.85 
1.80 

24 

25 

26 

27 

28 

29 

30 

31 
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MANHATTAN  STATION  ON  BLUB  BIY£B. 


This  Station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  215,  is  located  at  the  county  bridge  4  miles  north  of  Manhattan, 
Kansas.  The  gage  consists  of  three  sections,  the  lower  being  an  ash 
stick  driyen  into  the  bottom  of  the  river  and  bolted  to  an  overhanging 
Cottonwood  tree  30  feet  east  of  the  bridge,  and  marked  from  2.10  to 
11.30  feet.  The  middle  section  consists  of  an  oak  stick  bolted  to  the 
north  side  of  the  south  bridge  pier  and  marked  from  11.30  to  17  feet. 
A  similar  stick  on  the  south  side  of  the  same  pier,  and  marked  from  17 
to  30  feet,  completes  the  gage.  The  bench  mark  is  a  cross  cut  in  the 
cai>stone  of  the  south  bridge  pier  immediately  above  the  upper  gage, 
and  is  32.135  feet  above  datum.  The  observer  is  WiUiam  Hudspeth. 
The  following  discharge  measurements  were  made  iu  1897  by  O.  P.  Hood 
and  S.  B.  Vincent: 

Apiil  26,  gage  height,  25.45  feet;  discharge,  31,942  aecond-feet. 
April  90,  gage  height,  10.80  feet;  discharge,  5,972  second-feet. 
October  30,  gage  height,  4.00  feet ;  discharge,  602  second-feet. 
December  8,  gage  height,  4.20  feet;  discharge,  499  second-feet. 

Daily  gage  height,  in  feet,  of  Bliie  Biver  at  Manhattan,  Kansas,  for  1897. 


Day. 

Jan. 

Feb. 

Har. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

4.00 
4.10 
4.10 
4.25 
4.60 
4.80 
4.90 
4.85 
4.80 
4.00 
4.60 
4.80 
4.85 
4.00 
4.80 
4.75 
4.70 
4.80 
4.85 
4.90 
5.15 
6.00 
4.95 
4.85 
4.80 
5.50 
5.50 
5.50 
6.50 
5.55 
5.60 

5.40 
5.10 
5.00 
4.90 
4.55 
4.35 
4.25 
4.00 
4.05 
4.25 
4.35 
4.50 
4.90 
5.65 
5.90 
6.00 
6.25 
6.80 
7.20 
6.05 
6.30 
6.10 
6.00 
5.90 
5.75 
5.65 
5.50 
5.80 

6.00 
6.00 
5.80 
5.70 
5.55 
5.00 
4.80 
4.75 
4.65 
5.10 
5.30 
5.45 
5.66 
6.60 
7.15 
0.85 
6. 05 
6.35 
6.10 
5.80 
6.75 
5.65 
5.60 
5.50 
5.40 
5.35 
5.30 
6.25 
6.85 
6.05 
7.16 

8.75 

16.50 

17.25 

11.60 

10.00 

10.30 

9.75 

8.75 

8.20 

7.90 

7.40 

7.10 

6.90 

6.70 

6.40 

6.00 

5.75 

5.60 

5.50 

5.45 

5.40 

5.50 

9.25 

20.96 

24.15 

25.30 

25.60 

19.65 

12.00 

10.75 

9.70 
10.30 
9.95 
9.15 
7.96 
7.80 
7.60 
7.60 
7.26 
6.86 
6.75 
6.75 
7.05 
7.10 
6.85 
6.76 
6.36 
6.20 
6.10 
6.00 
6.90 
6.80 
6.75 
6.95 
5.80 
6.85 
6.70 
7.85 
7.60 
6.80 
6.86 

6.76 
6.66 
6.40 
6.26 
6.90 
6.70 
6.60 
6.50 
6.40 
6.00 
4.75 
4.66 
4.50 
4.80 
4.95 
6.40 
5.60 
5.90 
6.20 
8.90 
8.75 
8.00 
7.50 
7.00 
7.70 
7.00 
14.55 
19.45 
13.40 
9.80 

8.75 
7.90 
7.25 
7.00 
6.80 
6.60 
6.20 
6.00 
7.50 
8.36 
10.40 
12.75 
12.25 
9.65 
9.00 
8.50 
8.10 
7.00 
7.10 
6.10 
6.70 
6.55 
6.20 
6.00 
7.20 
6.90 
6.65 
6.10 
5.90 
6.56 
5.40 

5.20 
5.06 
4.90 
4.00 
4.70 
6.35 
0.15 
8.85 
8.66 
7.50 
7.15 
6.25 
6.00 
6.75 
6.90 
8.10 
7.90 
7.50 
7.36 
7.05 
6.65 
6.45 
6.35 
6.30 
6.15 
6.05 
5.75 
6.60 
6.40 
5.25 
5.06 

4.90 
4.65 
4.55 
4.35 
4.25 
4.06 
3.80 
3.70 
3.60 
3.50 
3.30 
2.50 
2.30 
2.30 
2.75 
3.35 
3.76 
3.85 
4.25 
4.60 
4.60 
4.30 
4.25 
4.15 
4.00 
4.00 
3.90 
3.85 
3.80 
3.60 

3.65 
3.50 
3.50 
3.40 
3.40 
3.40 
3.30 
3.30 
3.20 
3.20 
8.15 
3.05 
3.00 
3.00 
3.65 
4.00 
4.16 
4.25 
4.35 
4.40 
4.80 
4.25 
4.20 
4.40 
4.30 
4.25 
4.20 
4.30 
4.86 
4.40 
4.40 

4.00 
4.00 
3.80 
3.70 
3.80 
3.90 
4.00 
4.00 
4.10 
4.25 
4.25 
4.26 
4.40 
4.50 
4.46 
4.35 
4.30 
4.20 
4.20 
4.10 
4.05 
4.00 
4.05 
4.20 
4.26 
4.30 
4.40 
4.40 
4.60 
4.60 

4.40 
4.30 
4.25 
4.20 
4.10 
4.10 
4.00 
4.20 
4.30 
4.25 
4.20 
4.26 
4.80 
4.15 
4.00 
4.00 
4.10 
4.15 
4.20 
4.20 
4.35 
4.50 
4.50 
4.60 
4.60 
4.60 
4.60 
4.55 
4.40 
4.40 
4.60 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
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LAWBBNCB  STATION  ON  KANSAS  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Eeport,  Part  lY, 
page  219,  is  located  at  Lawrence,  Kansas.  The  gage  consists  of  a  ver- 
tical board  marked  to  feet  and  tenths  and  fastened  to  the  south  pier  of 
the  carriage  bridge,  about  60  feet  up  the  river  from  the  crest  of  a 
dam.  The  zero  of  the  gage  is  on  a  level  with  a  large  stone  in  the  crest 
of  dam.  There  is  also  a  short  vertical  board  fastened  by  the  side  of 
this  one  for  reading  the  level  of  the  water  when  it  stands  below  the 
zero  of  the  gage.  The  channel  is  about  690  feet- wide,  broken  by  four 
piers.  The  observer  is  J.  D.  Bowersock,  The  following  is  a  list  of 
discharge  measurements  made  in  1897  by  E.  O.  Murphy: 

April  9;  gage  height^  2.55  foet ;  discharge,  10,238  second-feot. 
April  10,  gage  height,  2.55  feet;  discharge,  9,658  second-feet. 
April  26,  gage  height,  9.10  feet;  discharge^  60,854  second-feet. 
June  17,  gage  height,  1.50  feet;  discharge,  4,820  second-feet. 
Jane  23,  gage  height,  2.73  feet;  discharge,  10,635  seoond-feet. 
Jane  25,  gage  height,  2.10  feet;  discharge,  8,011  second-feet. 

Daily  gage  height,  in  feet,  of  Kansaa  Biver  at  Lawrence,  Kansas,  for  1897 


Day. 

Jan. 

Feb. 

0.80 

.70 

.70 

.60 

.60 

.60 

.80 

.80 

1.00 

1.00 

1.00 

1.00 

1.10 

1.70 

1.90 

1.90 

2.30 

2.90 

3.00 

2.65 

2.60 

2.30 

Mar. 

Apr. 

2.65 
2.80 
8.60 
2.70 
2.40 
2.40 
2.35 
1.95 
2.55 
2.60 
2.40 
2.10 
2.00 
1.95 
1.90 
2.00 
2.05 
1.65 
1.60 
1.55 
1.45 
1.40 

May. 

Jane. 

July. 

Aug. 

Sept. 

0.60 
.60 
.60 
.60 
.60 
.60 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.30 
.20 
.20 
.10 
.10 
.25 
.10 
.40 
.40 
.40 
.25 
.20 
.40 
.40 
.20 
.20 
.10 

Oct. 

0.10 
.20 
.40 
.40 
.25 
.10 
.10 
.20 
.10 
.15 
.30 
.20 
.60 
.70 
.70 
.10 
.10 
.10 
.00 
.20 
.20 
.20 
.30 
.40 
.40 
.40 
.50 
.50 
.50 
.50 
.60 

Nov. 

1 

0.60 
.60 
.60 
.60 
.60 
.80 
.80 
.90 
.00 
.90 
.80 
.80 
.80 
1.00 
.90 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.60 
.40 
.20 
.20 

—.70 

Dec. 

1 

0.80 

.80 

1.00 

.60 

.40 

.50 

.60 

.60 

.60 

1.00 

1.00 

1.00 

1.00 

.80 

.80 

.90 

1.00 

1.00 

1.00 

.90 

1.00 

1.00 

1.00 

1.00 

.60 

.20 

.30 

.60 

.70 

.80 

.80 

I 

1.20 
1.10 
1.10 
1.10 
1.10 
1.00 
1.15 
1.15 
1.05 
1.00 
1.00 
1.00 
1.00 
1.20 
1.20 
1.35 
1.40 
1.50 
1.60 
1.60 
1.40 
1.40 

1 
3.60  1  1.90 
3.  10     1. 70 

5.30 

4.  A!) 

1.40 

1.20 

1.00 

1.00 

.80 

.80 

.80 

1.40 

1.80 

1.80 

1.60 

1.20 

1.20 

1.00 

1.00 

1.00 

1.30 

1.80 

1.50 

1.75 

1. 20 

1.20 

1.00 

.70 

.60 

.60 

.55 

.50 

.60 

.60 

.60 

—1.60 
1.70 
1.70 

—1.40 

2 

8 

4 

2. 70     1. 50     3. 40 
2.30     1.40     3.20 
2.40  1  1.40     fi-80 

5 

—  .90 

6 

2.30     1-90 

5.50 
4.16 

—  .50 

—  .30 
+  .10 

.10 
.20 
.40 
.40 
.20 
.10 

—  .20 

—  .70 
1.00 
1.00 

+  .10 
.40 
.50 

—  .60 
.60 

-^  .40 
.20 

4-  .40 
.10 

—  .10 
.00 
.00 

—  .10 

7 

8 

2.05 
2.00 
2.00 
1.95 
1.80 
1.75 
1.65 
1.60 
1.60 
1.60 
1.60 
1.60 
1.45 
1.40 
1.40 
1.40 

1.00 
1. 00 

9 

1. 00     2. 70 
1. 00     2. 00 
1.00     1.90 
1. 00     2. 40 

10 

11 

12 

13 

14 

15 

1.00 
1.00 
.90 
1.10 
1.45 
1.50 
2.00 
1.80 
2.00 
3.00 
2.80 
2.60 
2.05 
2.80 
3.50 
4.50 
6.00 
4.80 

3.70 
3.90 
3.40 
2.70 
2.00 
1.70 
1.60 
1.40 
1.35 
1.30 
1.20 
1.20 
1.10 
1.20 
1.40 
1.85 
1.40 
1.55 
1.50 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

2. 15     1. 20 
1. 90     1. 30 
1.  60     1. 25 
1. 40     1. 20 
1.20  1  1.20 

1. 45  !  1. 35 
1.45  I  1.20 
6.30  ,  1.20 
8.80  '  1.20 
7.60  1  1.20 

28 

27 

28 

29 

1.30 

1.20 
1.30 
1.60 
1.85 

7.60 
6.40 
4.60 

1.20 
2.00 
2.00 
2.00 

30 

31 

1 

' 
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GRANITE  STATION  ON  ARKANSAS  BIYBR. 

This  station  is  located  at  the  wagon  bridge  250  feet  from  the  railroad 
station  at  Granite,  Colorado.  The  gage  is  a  vertical  2  by  6  inch  plank 
spiked  to  the  upper  end  of  the  center  pier  of  the  bridge  and  graduated  to 
tenths  of  a  foot.  The  banks  are  low  and  liable  to  overflow;  the  bed  is 
rocky  and  the  current  swift.  This  station  was  reestablished  April  17, 
1897,  by  Cyrus  C.  Babb,  the  records  of  daily  gage  heights  being  kept 
by  the  Denver  and  Kio  Grande  Railroad  Company.  The  observer  is 
H.  D.  Marquis.  The  following  is  a  list  of  measurements  of  discharge 
made  in  1897  by  F.  Cogswell : 

April  17,  gage  height,  3.20  feet;  discharge,  120  seoond-fee 
May  8,  gage  height,  4.20  feet;  discharge,  940  second-feet. 
May  18,  gage  height,  4.90  feet;  discharge,  1,326  second- feet. 
Jmie  29,  gage  height,  4.60  feet;  discharge,  1,151  second-feet. 
July  27,  gage  height,  3.75  feet;  discharge,  415  second-feet. 
August  31,  gage  height,  3.20  feet;  discharge,  206  second-feet. 
Septemher  27,  gage  height,  3.10  feet;  discharge,  203  second-feet. 
November  6,  gage  height,  3.00  feet;  discharge,  153  second-feet. 

Daily  gage  height,  in  feet,  of  Arkanaa$  Birer  at  Granite,  Colorado,  for  1897. 


Day. 

May. 
3.35 

June. 
6.00 

1.... 

2.... 

3.60 

6.00 

3.... 

3.65 

6.00 

4.... 

3.55 

5.75 

5.... 

3.75 

5.00 

6.... 

3.85 

6.00 

7.... 

4.05 

4.40 

8-... 

4.05 

4.50 

9.... 

4.35 

4.50 

10.... 

4  25 

4.75 

11.... 

4.30 

5.35 

12.... 

4.10 

5.60 

13.... 

4.00 

5.60 

14.... 

4.00 

6.00 

16.... 

4.10 

5.75 

16.... 

4.60 

6.15 

July. 


4.50 
4.35 
4.35 
4.30 
4.25 
4.10 
4.35 
4.35 
4.50 
4.60 
4.40 
4.35 
4.15 
4.00 
4.05 
4.00 


Aug. 


3.65 
3.65 
3.80 
3.70 
3.65 
3.65 
3.75 
3.75 
3.80 
3.65 
3.60 
3.60 
3.65 
3.65 
3.50 
3.50 


Sept. 


3.35 
3.35 
3.35 
3.50 
3.50 
3.40 
3.25 
3.25 
3.25 
3.25 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 


Oct. 


3.00 
3.0O 
3.00 
3.00 
3.00 
3.00 
3.00 
8.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 


I>ay. 

May. 

17 

4.75 

18 

4.90 

19 

4.90 

20 

5.00 

21 

5.10 

22 

4.00 

23 

5.10 

24 

5.60 

25 

5.60 

28 

5.60 

27 

5.60 

28 

5.40 

29..... 

5.65 

30 

5.75 

31 

6.00 

June.  July. 


5.26 
5.00 
4.35 
4.85 
5.00 
5.10 
5.00 
4.90 
4.65 
4.85 
4.90 
4.75 
4.60 
4.45 


4.00 
3.85 
3.85 
3.85 
3.90 
3.85 
3.90 
3.80 
3.80 
3.75 
3.75 
3.75 
3.65 
3.65 
3.65 


Aug. 


3.45 
3.40 
3.35 
3.35 
3.35 
3.35 
3.30 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.20 
3.15 


Sept. 


3.00 
3.15 
3.10 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 


Oct 


3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
8.00 
3.00 


IBB  16- 


J^ 
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OPERATIONS   AT  BIV£R   STATIONS,  18OT. 


SAXIDA  STATION  ON  ARKANSAS  RIVER. 

This  stati6n,  described  in  the  Eighteenth  Annaal  Beport,  Part  lY, 
page  224,  is  located  just  back  of  the  railroad  yards,  at  a  suspension 
bridge,  at  Salida,  Oolorado.  The  gage  consists  of  a  vertical  4  by  6  inch 
timber,  with  a  2  by  6  inch  scale,  bolted  to  the  abntment  of  tl^e  bridge 
on  the  left-hand  side  of  the  river,  and  is  marked  to  tenths  of  a  foot 
The  banks  are  high  and  do  not  overflow;  the  current  is  swift;  the  bed 
of  the  stream  consists  of  sand,  gravel,  and  bowlders,  but  is  not  subject 
to  any  great  changes,  and  is  a  most  desirable  station  to  be  maintained. 
Stream  measurements  are  made  from  the  lower  side  of  the  footbridge. 
Biver-height  observations  are  maintained  by  the  Denver  and  Bio 
Grande  Bailroad  Company.  The  observer  is  F.  G.  Dew.  The  follow- 
ing discharge  measurements  were  made  in  1897  by  F.  Oogswell: 

April  17,  gage  height,  0.69  foot;  discharge,  219  second-feet. 
April  27,  gage  height,  1.55  feet;  discharge,  709  second-feet, 
^^y  ^f  gage  height,  2.20  feet;  discharge,  1,178  seoond-feet. 
May  30,  gage  height,  4.05  feet;  discharge,  2,821  second-feet. 
June  29,  gage  height,  2.50  feet;  discharge,  1,492  second-feet. 
July  27,  gage  height,  1.35  feet;  discharge,  606  second-feet. 
August  31,  gage  height,  0.85  foot ;  discharge,  371  second-feet. 
September  27,  gage  height,  1.00  foot;  discharge,  405  seoond-feet. 
November  6,  gage  height,  0.90  foot;  discharge,  378  second-feet. 

Daily  gage  heightf  in  feet,  of  ArkauMt  JRiver  at  Salida,  Colorado,  far  1897. 


Day. 

May. 

June. 
4.10 

July. 
2.80 

Aug. 

Sept. 

Oct. 

Day. 

May. 

June. 

July. 

Ang. 

Sept 

Oct 

1.... 

1.20 

1.30 

1.00 

0.65 

17 

2.76 

8.00 

1.90 

1.20 

0.90 

0.6S 

2.... 

1.45 

3.60 

2.85 

1.25 

1.00 

.65 

18 

8.10 

8.00 

1.85 

L15 

.90 

.65 

8.... 

1.75 

3.10 

2.45 

1.25 

1.00 

.65 

19 

8.00 

2.90 

2.00 

1.10 

.90 

.65 

4.... 

1.60 

2.00 

2.35 

1.35 

1.00 

.65 

20 

8.00 

2.76 

1.00 

1.10 

1.00 

.65 

5.... 

1.60 

2.40 

2.00 

1.45 

1.00 

.66 

21 

8.00 

8.00 

1.90 

1.00 

1.00 

.65 

«.... 

1.80 

2.45 

2.00 

1.45 

1.05 

.65 

22 

2.85 

3.00 

1.65 

1.10 

1.00 

.66 

7.... 

1.05 

2.25 

2.00 

1.40 

1.00 

.65 

23 

8.00 

8.00 

1.50 

1.05 

1.00 

.66 

8.... 

2.25 

2.10 

2.00 

1.45 

1.00 

.65 

24 

8.50 

8.00 

1.50 

1.00 

1.00 

.65 

9.... 

2.25 

2.35 

2.45 

1.55 

1.00 

.65 

26 

8.50 

2.80 

1.45 

1.00 

1.00 

.66 

10.... 

2.30 

2.75 

2.45 

1.50 

1.00 

.65 

26 

8.40 

2.75 

1.40 

1.00 

1.00 

.85 

11.... 

2.30 

2.80 

2.20 

1.40 

1.00 

.65 

27 

8.60 

2.90 

1.40 

1.00 

1.00 



12.... 

2.60 

2.00 

2.06 

1.40 

1.00 

.65 

28 

8.45 

2.56 

1.40 

1.00 

1.0O 

13.... 

2.80 

3.50 

2.00 

1.35 

1.00 

.65 

29 

8.50 

2.40 

1.25 

1.00 

1.00 

14.... 

2.35 

3.20 

1.90 

1.35 

1.00 

.65 

30 

4.00- 

2.85 

1.26 

1.00 

1.00 

16.... 
16.... 

2.35 
2.70 

3.36 
3.65 

1.95 
1.90 

1.35 
1.25 

1.00 
1.00 

.65 
.65 

31 

4.15 

1.25 

1.00 

.,  .     . 
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'  CANYON  STATION  ON  ABKANSAS  BIYBB. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  225,  is  located  at  the  Hot  Springs  Hotel,  1^  miles  west  of  Oanyon, 
Colorado,  about  500  yards  below  the  mouth  of  Grape  Greek.  The  gage 
rod  is  placed  on  the  left  bank  of  the  river  just  below  the  suspension 
footbridge,  and  consists  of  an  inclined  4  by  4  inch  by  16-foot  timber 
bolted  to  a  small  juniper  tree,  and  to  posts  set  in  the  ground.  A  ver- 
tical rod  is  also  fastened  to  the  juniper  tree  for  extreme  high  water. 
Both  banks  are  high  and  not  liable  to  overflow.  The  current  is  swift, 
and  the  cross  section  is  not  subject  to  any  notable  changes,  except  at 
extreme  high-and-low-water  stages.  The  observer  is  Dr.  J.  L.  Pren- 
tiss. The  following  discharge  measurements  were  made  in  1897  by  F. 
Gogswell : 

April  16,  gage  height,  2.20  feet;  discharge,  260  second- feet. 
May  7y  gage  height,  3.10  feet;  discharge,  827  second- feet. 
May  26,  gage  height,  4.95  feet;  discharge,  2,712  second-feet. 
Jane  16,  gage  height,  5.25  feet;  discharge,  3,071  second-feet. 
July  14,  gage  height,  3.60  feet;  discharge,  1,140  second- feet. 
August  11,  gage  height,  3.05  feet ;  discharge,  744  second-feet. 
November  5,  gage  height,  2^98  feet;  discharge,  540  second-feet. 

Daily  gage  height,  in  feet,  of  ArkaneM  Biver  at  Canyon  City,  Colorado,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

2.60 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.60 
2.70 
2.70 
2.70 
2.70 
2.00 
2.65 
2.70 
2.80 
2.80 
2.80 
2.85 
2.85 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.90 
3.00 
3.00 

Nov. 

3.00 
3.00 
3.00 
2.90 
2.95 
2.96 
2.95 
2.90 
2.90 
2.90 
2.90 
2.95 
2.95 
3.00 
2.95 
2.85 
2.85 
2.85 
2.85 
2.85 

Deo. 

1 

2.50 
2.50 
2.50 
2.40 
2.40 
2.80 
2.30 
2.20 
2.20 
2.10 
2.15 
2.20 
2.20 
2.20 
2.10 
2.20 
2.20 
2.35 
2.40 
2.50 
2.55 
2.45 
2.25 
2.20 
2.20 
2.30 
2.55 
2.55 
2.85 
2.75 

2.80 
2.90 
8.10 
3.05 
3.00 
3.15 
3.10 
3.50 
8.60 
3.70 
8.66 
3.60 
3.70 
3.80 
4.10 
4.80 
4.50 
4.30 
4.30 
4.25 
4.30 
4.35 
4.40 
4.75 
5.00 
5.06 
5.00 
6.05 
5.10 
5.36 
5.45 

5.40 
5.40 
5.40 
5.56 
4.85 
4.25 
4.35 
4.50 
4.60 
4.70 
4.65 
4.95 
5.35 
5.25 
5.16 
5.30 
5.15 
4.66 
4.50 
4.50 
4.50 
4.50 
4.50 
4.45 
4.45 
4.50 
4.85 
4.25 
4.06 
4.00 

3.05 
3.86 
3.75 
3.95 
3.76 
3.60 
3.60 
3.50 
4.17 
8.90 
4.00 
3.85 
3.70 
3.60 
3.75 
3.55 
3.50 
3.50 
3.70 
3.60 
3.50 
3.40 
3.30 
3.20 
3.20 
3.10 
3.00 
2.90 
2.90 
2.85 
2.80 

2.80 
2.80 
2.85 
3.60 
3.20 
3.00 
3.10 
3.40 
3.80 
3.20 
3.10 
3.10 
3.00 
2.90 
2.90 
2.80 
2.80 
2.70 
2.70 
2.60 
2.60 
2.60 
3.70 
2.55 
2.50 
2.50 
2.50 
3.50 
2.50 
2.60 
2.40 

2.40 
2.40 
2.40 
2.40 
2.4o 
2.40 
2.40 
2.40 
2.45 
2.45 
2.45 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
•2.55 
2.55 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 

"i'so" 

"iio" 

"i'io" 

2 

8 

2.60 

4 

5 

6 

2.50 

2.50 

7 

8 

9 

10 

2.50 

11 

12 

18 

2.40 

2.60 

14 

15 

16 

17 

2.30 

18 

19 

20 

2.50 

2.60 

21 

22 

2.85 
2.85 
2.75 
2.70 
2.70 
2.70 
2.65 
2.60 
2.50 

"ieo" 

23 

2.40 

24 

»5 

26 

2.70 
2.70 

27 

2.50 

2.60 
2.60 
2.70 
2.60 
2.60 

28 

28 

30 

81 

2.60 

/^ 
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OPERATIONS  AT  EIVEB   STATIONS,  1897. 


PUEBLO  STATION  ON  ARKANSAS  RIYEB. 


This  station,  described  in  the  Eighteenth  Annual  Keport,  Part  IV, 
page  227,  is  located  at  the  city  of  Pueblo,  Colorado,  2  miles  above  the 
mouth  of  Fountain  Creek.  There  are  two  gage  rods.  The  main  one, 
at  Santa  Fe  avenue  bridge,  consists  of  a  vertical  6  by  6  inch  timber, 
bolted  to  the  abutment  of  the  Denver  and  Bio  Grande  Bailroad  bridge 
on  the  left-hand  side  of  the  river,  marked  to  tenths  of  a  foot.  There  is 
also  a  short  vertical  rod  for  extreme  low  water  spiked  to  a  pile  about 
20  feet  out  in  the  stream,  reading  same  as  the  main  gage.  The  12-foot 
mark  of  this  gage  is  opposite  the  top  of  the  large  capstone.  The  rod 
at  Victoria  avenue  bridge  consists  of  inclined  4  by  4  inch  timbers 
fastened  to  posts  set  in  right  bank  of  stream,  and  was  placed  for  the 
purpose  of  noting  the  change  in  the  slope  of  the  water  surface.  Stream 
measurements  are  made  from  lo\^er  side  of  the  Main  street  bridge.  The 
river  is  confined  by  the  city  levees,  and  the  bed  is  sandy  and  constantly 
changing.  The  observer  is  R.  L.  Holden.  The  following  is  a  list  of 
discharge  measurements  made  in  1897  by  F.  Cogswell  and  others: 

April  16,  gage  height,  0.20  foot;  discharge,  216  second- feet. 
May  6,  gage  heigh t^  1.00  foot ;  discharge,  799  second- feet. 
May  21,  gage  height,  2.00  feet;  discharge,  1,856  second- feet. 
June  18;  gage  height,  2.55  feet;  discharge,  2,219  second-feet. 
July  16,  gage  height,  1.15  feet;  discharge,  981  second- feet. 
August  10,  gage  height,  0.95  foot ;  discharge,  805  second-feet. 
September  8,  gage  height,  0.10  foot;  discharge,  184  second-feet. 
September  28,  gage  height,  0.45  foot ;  discharge,  394  scoond-feet. 
November  4,  gage  height,  0.75  foot;  discharge,  601  second-feet. 

Daily  gage  height,  in  feet,  of  Arkansas  Eiver  at  Pueblo,  Colorado,  for  1897. 


Bay. 

Jan. 

Feb. 

1 

0.30 
.30 
.30 
.35 
.35 
.25 
.35 
.45 
.25 
.45 
.45 
.50 
.45 
.35 
.35 
.30 
.35 
.25 
.30 
.30 
.35 
.80 
.35 
.30 
.25 
.20 
.30 
.25 
.35 
.65 
.50 

0.65 
.40 
.40 
.45 
.35 
.35 
.45 
.40 
.35 
.40 
.45 
.40 
.45 
.30 
.20 
.15 
.40 
.40 
.30 
.40 
.35 
.35 
.40 
.25 
.25 
.25 
.25 
.20 

2 

3 

4 

5 

6 

7 

8 

e 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Mar. 

Apr. 

0.30 

0.20 

.30 

.00 

.30 

.15 

.25 

.20 

.15 

.15 

.10 

.05 

.10 

.00 

.05 

.10 

.00 

.00 

.05 

.05 

.00 

.00 

.00 

.05 

.05 

.10 

.05 

.00 

.05 

.00 

.15 

.00 

.00 

.15 

.25 

.20 

.20 

.30 

.20 

.30 

.15 

.35 

.15 

.35 

.10 

.30 

.05 

.10 

.00 

.25 

.10 

.30 

.20 

.30 

.25 

.35 

.40 

.65 

.40 

.75 

.30 

May. 


0.70 
.75 
1.00 
1.05 
.95 
.95 
1.05 
1.30 
1.40 
1.46 
1.45 
1.45 
1.35 
1.40 
1.45 
1.60 
1.90 
1.90 
2.20 
2.15 
2.00 
1.90 
1.85 
2.15 
2.85 
2.85 
2.75 
3.05 
2.80 
3.15 
3.30 


June. 
3.30 

July. 

Aug. 

Sept. 
0.20 

Oct. 

Nov. 

Dec. 

1.45 

0.55 

0.20 

0.70 

0.45 

3.50 

1.55 

.60 

.20 

.20 

.70 

.50 

3.05 

1.65 

.80 

.10 

.20 

.70 

.40 

2.50 

1.45 

.65 

.10 

.26 

.70 

.45 

2.15 

1.45 

.95 

.10 

.30 

.70 

.40 

2.05 

1.45 

.60 

.10 

.30 

.70 

.40 

1.90 

1.G5 

1.20 

.10 

.35 

.60 

.45 

1.75 

1.10 

1.05 

.10 

.40 

.60 

.50 

1.70 

2. 10 

1.46 

.05 

.35 

.60 

.50 

2.00 

2.00 

1.00 

.00 

.55 

.50 

.50 

2.45 

1.85 

.95 

.10 

.35 

.55 

.45 

2.85 

1.60 

.90 

.10 

.45 

.70 

.40 

2.90 

1.35 

.75 

.25 

.35 

.70 

.40 

3.20 

1.20 

.55 

.30 

.36 

.70 

.50 

3.00 

2.10 

.40 

.50 

.35 

.70 

.45 

2.95 

1.26 

.40 

.40 

.45 

.60 

.40 

3.05 

1.15 

.30 

.35 

.60 

.60 

.50 

2.55 

1.26 

.30 

.35 

.60 

.40 

.45 

2.30 

1.45 

.30 

.40 

.65 

.60 

.30 

2.15 

1.35 

.30 

.80 

.70 

.45 

.30 

2.30 

1.15 

.20 

.30 

.66 

.40 

.30 

2.20 

1.00 

.20 

.36 

.60 

.55 

.30 

2.15 

.85 

.20 

.30 

.56 

.50 

.20 

2.00 

.85 

.40 

.30 

.65 

.60 

.20 

1.95 

.75 

.85 

.30 

.50 

.60 

.20 

1.85 

.75 

.25 

.35 

.66 

.60 

.20 

2.00 

.85 

.20 

.40 

.60 

.50 

.30 

1.90 

.85 

.10 

.40 

.60 

.40 

.40 

1.65 

.70 

.20 

.40 

.60 

.40 

.45 

1.50 

.55 

.20 

.85 

.65 

.46 

.40 

.55 

.20 

.65. 

.30 
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NEPESTA  STATION  ON  ARKANSAS  RIYER. 


This  station  is  located  1,000  feet  north  of  Kepesta,  Colorado,  at  a 
wagon  bridge,  200  feet  below  Atchison,  Topeka  and  Santa  Fe  Kailroad 

__  a 

bridge,  and  was  established  September  8, 1897.  The  gage  consists  of 
a  vertical  2  by  6  inch  by  12  foot  timber  marked  in  tenths,  securely 
wired  to  upstream  side  of  upstream  cylinder  of  bridge  on  left  side  of 
river  and  marked  with  1  by  6  inch  scale  on  face  and  1  by  3  inch  scale 
on  side.  The  initial  point  for  soundings  is  on  the  left  bank,  which  is 
low  and  liable  to  overflow.  The  right  bank  is  high  and  riprapped 
above  railroad  bridge.  The  channel  above  and  below  the  station  is 
straight  for  300  or  400  feet;  the  bed  is  sandy  and  shifting.  The 
observer  is  G.  J.  Boyd,  a  storekeeper,  who  lives  1,000  feet  from  the 
gage.  The  following  discharge  measurements  were  made  by  Porter  J. 
Preston  in  1897 : 

September  8^  gage  height,  2.00  feet ;  discharge,  168  seoond-feet. 
September  SO,  gage  height,  2.34  feet;  discharge,  281  second-feet. 

Daily  gage  height,  in  feet,  of  Arkansas  Biver  at  Nepesta,  Colorado,  for  1897. 


Day. 

Sept. 

Oct. 

Bay. 

Sept. 

Oct. 

Day. 
17 

Sept. 

Oct. 

Day. 

Sept 

Oct. 

1 

2.20 
2.10 
2.00 
2.10 
2.00 
2.20 
2.10 
2.05 

9 

2.15 
2.15 
2.20 
2.35 
1.75 
2.00 
2.10 
2.00 

25 

26 

27 

28 

29 

30 

31 

2.00 
2.00 
2.00 
2.10 
2.00 
2.00 

2 

10 

18 

............. 

1...... 

3 

11 

19 

20 

21 

22 

23 

24 

1.90    

4 

12 

1.60 
1.80 
2.10 
2.00 
2.10 

;;;;;; 

5 

13 

6 

14 

7 

16 

8 

16 

122 
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ROOKY  FORD  STATION  ON  ARKANSAS  RIYER. 

This  station  is  looated  2  miles  northeast  of  Bocky  Ford,  Colorado, 
and  was  established  May  3, 1897.  The  gage  consists  of  a  vertical  1  by 
3  inch  timber  notched  in  tenths  and  securely  nailed  to  pile  protection 
to  abntment  of  wagon  bridge,  left  side  of  stream,  upper  side  of  bridge. 
The  initial  point  of  soundings  is  on  the  lefb  bank  at  water's  edge.  Both 
banks  are  high  and  liable  to  overflow  only  at  very  high  water.  The 
channel  is  straight  for  about  300  feet  above  and  below  the  station. 
The  bed  is  sandy  and  shifting.  The  observer,  S.  W.  Oressy,  whose 
occupation  is  water  commissioner,  lives  2  miles  distant  from  the  gage. 
The  following  discharge  measurement  was  made  by  Porter  J.  Preston 
in  1897 : 

September  29,  gage  height,  0.37  foot;  discharge^  140  second-feet. 
Daily  gage  height,  infect^  of  Arkansas  Biver  at  Rocky  Ford,  Colorado,  for  1897. 


Bay. 

May. 

Jane. 

July. 

Aag. 

Sept. 

Oct, 

Nov. 

Dec. 

1 

2.70 
2.60 
2.82 
2.62 
2.08 
2.40 
1.98 
1.80 
1.65 
L65 
1.72 
2.10 
2.40 
2.40 
2.48 
2.22 
2.20 
2.15 
2.00 
1.76 
1.62 
1.50 
1.50 
1.25 
1.17 
1.24 
1.17 
1.82 
1.76 
1.22 

0.72 

.55 

.80 

1.42 

l.tM) 

1.60 

1.25 

1.10 

1.00 

1.62 

1.60 

1.26 

1.26 

1.17 

1.33 

1.41 

.82 

1.38 

2.06 

1.80 

1.02 

.62 

.50 

.40 

.85 

.35 

.61 

.65 

.85 

.85 

.68 

0.65 

.65 

.66 

.60 

1.94 

1.60 

1.28 

2.05 

1.60 

1.90 

1.02 

.60 

1.28 

.75 

.82 

8.10 

S.10 

.96 

1.16 

.95 

.80 

.60 

.55 

.70 

.68 

.48 

.88 

.30 

.22 

.20 

.82 

0.46 
.50 
.42 
.82 
.25 
.85 
.35 
.80 
.30 
.18 
.30 
.80 
.85 
.35 
.20 
.45 
.66 
.70 
.45 
.38 
.25 
.16 
.20 
.20 
.22 
.30 
.85 
.35 
.38 
.40 

0.40 
.88 
.30 
.82 
.25 
.32 
.35 
.38 
.40 
.50 
.78 
.66 
.46 
.40 
.00 
.72 
.80 
.80 
.82 
.88 
.90 
.88 
.85 
.84 
.85 
.98 

1.00 
.98 
.92 
.80 
.80 

0.92 

1.02 

1.10 

1.10 

1.08 

1.10 

.88 

.68 

.00 

.60 

.58 

.50 

.66 

.48 

.60 

.60 

.48 

.46 

.42 

0.88 
.40 
(a) 

2 

3 

1.00 
1.10 
1.28 
1.25 
.90 
.50 
1.02 
1.18 
1.23 
1.15 
1.37 
1.42 
1.42 
1.82 
1.40 
1.50 
1.60 
1.55 
1.60 
1.45 
1.48 
1.50 
1.40 
1.80 
1.85 
2.00 
2.00 
2.05 
2.88 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

.60 
.60 
.45 
.50 
.50 
.50 
.53 
.50 
.51 
.35 

22 

23 

24 

25 

26 

27 

28 

20 

30 

81 

aRiver  Aroseii. 
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TRINIDAD  STATION  ON  PUROATOIRE  RITBR. 

This  station,  described  in  the  Eighteenth  Annual  Eeport,  Part  lY, 
page  231,  is  located  at  the  Las  Animas  street  bridge  in  the  city  of 
Trinidad,  Oolorado.  The  gage  consists  of  a  vertical  2  by  6  inch  plank, 
and  is  fastened  with  iron  bands  to  the  downstream  side  of  a  cylin- 
drical bridge  pier,  on  the  right  side  of  the  river.  The  banks  are  high 
and  not  liable  to  overflow,  the  bed  is  of  gravel  and  small  stones,  and 
the  water  moves  with  fair  velocity.  Stream  measurements  are  made 
from  the  lower  side  of  the  bridge  during  high  water,  and  at  low  stages 
by  wading  some  400  feet  below  the  gage.  The  observer  is  J.  N.  Turner, 
water  commissioner.  The  following  measurements  of  discharge  were 
made  in  1897  by  F.  Gogswell : 

May  22,  gage  height,  4.25  feet;  discharge,  677  second-feet. 
June  17,  gage  height,  4.10  feet;  discharge,  386  second-feet. 
July  15,  gage  height,  3.90  feet ;  discharge,  189  second-feet. 
September  23,  gage  height,  3.60  feet;  discharge,  49  second-feet. 
November  13,  gage  height,  3.55  feet ;  discharge,  46  second-feet. 

Dailjf  gage  height,  in  feet,  of  Purgatoire  River  at  Trinidad,  Colorado,  for  1897. 


D*y. 

Apr. 

M»y. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

3.76 
3.70 
3.75 
8.75 
8.75 
8.«5 
3.75 
8.76 
3.80 
8.85 
8.75 
3.80 
8.90 
3.90 
8.85 
3.76 
3.80 
3.76 
8.90 
8.90 
4.00 
8.90 
8.85 
8.95 
4.00 
3.95 
8.90 
4.00 
4.00 
4.06 

4.05 
4.15 
4.05 
4.80 
4.30 
4.36 
4.30 
4.30 
4.40 
4.30 
4.25 
4.20 
4.30 
4.30 
4.80 
4.16 
4.20 
4.20 
4.35 
4.55 
4.40 
4.22 
4.20 
4.20 
4.20 
4.80 
4.35 
4.30 
4.26 
4.30 
4.30 

4.20 
4.25 
4.30 
4.20 
4.05 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.05 
4.10 
4.15 
4.10 
4.10 
4.10 
4.05 
4.00 
4.00 
8.90 
3.90 
3.00 
3.00 
3.90 
4.60 
4.25 
4.05 
4.00 
4.20 

4.15 
4.05 
4.00 
3.90 
3.90 
3.85 
3.80 
3.80 
4.65 
4.20 
4.10 
4.00 
3.95 
8.90 
8.90 
8.95 
4.00 
4.00 
8.95 
3.00 
3.90 
8.80 
3.80 
8.80 
8.80 
8.80 
3.80 
3.80 
3.75 
3.55 
3.50 

3.50 
3.45 
3.65 
3.60 
3.55 
4.00 
3.85 
4.80 
4.25 
4.10 
3.95 
4.00 
3.90 
3.90 
4.70 
4.00 
4.00 
4.00 
3.90 
4.00 
3.90 
4.00 
4.00 
3.90 
3.60 
8.46 
8.40 
3.80 
3.35 
3.40 
3.40 

3.60 
3.50 
3.50 
3.50 
3.55 
3.60 
3.55 
3.60 
3.60 
3.95 
3.95 
8.90 
4.10 
8.90 
3.90 
4.05 
3.85 
8.75 
3.60 
3.55 
8.60 
3.50 
8.60 
3.60 
3.50 
3.60 
3.60 
3.60 
8.60 
3.60 

3.60 
8.60 
3.60 
3.60 
3.60 
3.60 
8.60 
3.60 
3.66 
8.60 
8.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.75 
3.G5 
8.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.70 
3.70 
3.65 
3.65 
3.65 
3.60 
3.00 

3.60 
3.60 
3.55 
3.65 
3.50 
3.60 
3.60 
3.60 
3.60 
3.60 
8.60 
3.60 
3.60 
3.60 
3.60 
3.56 
8.55 
3.50 
3.50 
3.50 
3.50 
8  50 
3.50 
3.60 
3.60 
3.60 
3.50 
3.50 
3.50 
3.50 

2 

8.::;;:::::::::::::::::::::: 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

10 

20 

21 

22 

23 

24 

25 

20 

27 

28 

29 

30 

31 

• 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


HUTCHINSON  STATION  ON  ARKANSAS  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  IV, 
page  232,  is  located  at  the  wagon  bridge  at  the  sonth  end  of  Main 
street,  Hutchinson,  Kansas.  The  observer  is  Daniel  Lauer,  who  lives 
about  100  yards  from  the  station.  Tlie  gage  consists  of  an  oak  timber 
painted  white,  graduated  in  feet  and  tenths  and  spiked  to  an  oak  pile 
a  few  feet  above  the  bridge,  driven  as  a  protection  to  the  bridge  iner 
from  ice  and  drift.  There  are  two  bench  marks:  One  is  the  upper 
cross  piece  of  the  pier  guard,  having  an  elevation  of  8.35  feet  above 
zero,*  the  second  is  the  top  of  the  iron  doorsill,  next  to  the  river,  of  the 
first  brick  building.  Its  elevation  is  8.12  feet  above  zero  of  the  gage. 
Measurements  are  made  from  the  bridge,  and  at  low  water  may  be  made 
by  wading.  The  channel  is  generally  straight  for  some  distance,  both 
above  and  below,  and  is  sandy  and  very  shifting.  At  very  low  stages 
the  water  is  in  several  channels  and  crooked.  The  following  discharge 
measurements  were  made  in  1897  by  W.  G.  Eussell: 


Bate. 


Feb.  25 
Mar.  25. 
Apr.  14. 
Apr.  22. 
May  7. , 


Gage 
beigbt. 

Dis- 
charge. 

Feet 

Sec.  ft. 

2.30 

471 

1.75 

158 

2.00 

221 

1.70 

122 

1.95 

170 

Bate. 


May  18.. 
June  3. 
June  29. 
July  14. 
July  27.. 


Gago 
heignt. 

Dis- 
charge. 

Fe4>t 

See.  ft. 

2.00 

202 

1.60 

60 

2.10 

284 

1.30 

15 

1.10 

4 

Date. 


Gafe 
hei^t. 


Dis- 
charge. 


Aug.  3  . 
Aug.  20 
Sept.  29 


Feel. 
1.15 
2.20 
1.10 


See.  /L 


27.'> 


Daily  gage  height,  in  feet,  of  Arkansas  Hirer  at  Hutchinson,  Kansas,  for  1897* 


Bay. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

•Tune. 

July. 

Aug. 

1.35 
1.16 
1.05 
1.00 
1.00 
1.10 
1.10 
1.10 
1.10 
1.05 
1.00 
1.00 
1.00 
1.46 
1.30 
1.15 
2.05 
2.25 
2.30 
2.20 
2.15 
2.00 
2.20 
2.65 
2.95 
2.75 
2.55 
2.30 
2.20 
2.20 
2.10 

Sept. 

Oct. 

1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.06 
1.00 
1.00 
1.00 
1.06 
1.20 
1.46 
1.40 
1.40 
1.40 
1.40 
1.30 
1.80 
1.35 
1.40 
1.30 
1.80 
1.80 
1.30 
1.30 

Nov. 

Bee. 

1 

1.60 
1.60 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
J.  80 
1.00 
1.00 
1.90 
1.90 
1.00 
1.90 
1.80 
1.60 
1.00 
1.60 
1.60 
1.80 

1.80 
1.80 
1.80 
2.20 
2.20 
2.20 
1.70 
1.80 
1.80 
1.90 
2.45 
2.35 
2.25 
2.80 
2.70 
1.65 
1.60 
l.GO 
1.60 
2.05 
2.50 
2.50 
2.45 
2.35 
2.30 
2.30 
2.20 
3.85 

2.20 
2.15 
2.30 
2.30 
2.25 
2.20 
2,20 
2.10 
2.10 
2.10 
2.00 
1.90 
1.90 
2.10 
1.85 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.75 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 

1.70 
1.70 
1.80 
1.80 
1.90 
2.05 
2.10 
2.20 
2.20 
2.20 
2.  15 
2.10 
2.05 
1.95 
1.90 
1.85 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.85 
2.1ft 
2.15 
2.20 
2.20 
2.20 
2.20 

2.15 
2.10 
2.05 
2.00 
2.00 
2.00 
2.00 
1.95 
1.90 
2.10 
2.  .'JO 
2.40 
2.35 
2.30 
2.15 
2.10 
2.05 
2.00 
1.90 
1.90 
1.90 
1.90 
1,85 
1.80 
1  75 
1.70 
1.70 
1.70 
1.65 
1.60 
1.60 

1.60 
1.60 
1.55 
1.55 
1.00 
1.00 
1.60 
1.60 
1.60 
1.  55 
1.90 
2.10 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.15 
2.20 
2.20 
2.20 
2.30 
2.30 
2. 30 
2.30 
2.25 
2.15 
2.10 
2.05 

1.85 
1.75 
1.70 
1.95 
1.75 
1.55 
1.55 
1.46 
1.40 
1.65 
1.50 
1.50 
1.40 
l.:t5 
1.30 
1.30 
1.30 
1.30 
1.30 
1.25 
1.20 
1.10 
1.10 
I.IO 
1.20 
1.20 
1.30 
1.35 
1.70 
1.60 
1.45 

2.00 
1.95 
1.90 
1.80 
1.75 
1.65 
1.55 
1.60 
1.50 
1.45 
1.40 
1.35 
1.30 
1.30 
1.30 
1.75 
1.05 
1.56 
1.50 
1.45 
1.40 
1.35 
1.80 
1.30 
1.25 
1.20 
K20 
1.20 
1.10 
1.10 

1.30 
1.30 
1.30 
1.30 
1.30 
1.80 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.20 
1.20 
1.20 
1.20 

\.l 

1.20 
1.20 
1.20 
1.26 
1.30 
1.35 
1.40 
1.40 
1.30 
1.30 
1.30 

*  *  "  *  * 

(a) 

(a) 

(a) 

(a) 

1.65 

1.70 

1.60 

1.50 

1.50 

1.50 

1.50 

1.50 

1.45 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

2 

3 

4 

6 

0 

7 

8 

0 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

80 

31 

a  Frozen. 
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LIBERTY  STATION  ON  VERDIGRIS  RITER. 


This  station,  described  iu  the  Eighteenth  Annual  Eeport,  Part  lY, 
page  235,  is  located  at  a  wagon  bridge,  about  250  feet  below  McTag- 
gart's  milldam,  about  3  miles  southwest  of  the  town  of  Liberty,  Kansas. 
The  gage  is  in  two  parts — a  vertical  board  marked  to  feet  and  tenths 
fastened  to  the  flume,  which  serves  to  give  ordinary  heights,  and  hori- 
zontal marks  one-half  foot  apart  on  the  comer  of  wheelhouse.  The 
zero  of  gage  is  12.46  feet  below  the  heads  of  three  large  nails  in  i1ume« 
Bench  mark  2  is  the  head  of  a  spike  in  root  of  cotton  wood  tree  4.75  feet 
in  circumference  and  40  feet  south  of  gage.  The  spike  has  a  circle  cut 
around  it,  with  letters  U.  S.  above.  Its  elevation  is  10.98  feet  above 
datum.  The  bed  is  rock  and  gravel,  and  subject  to  very  little  change. 
September  11, 1897,  a  secondary  gage  was  placed  about  7  miles  above 
gage  Ko.  1.  It  is  located  at  tlie  Independence  waterworks,  and  is  to 
be  read  hourly  when  the  river  is  in  flood.  The  zeros  of  the  two  gages 
are  referred  to  the  same  datum.  The  observer  is  A.  (].  McTaggart. 
The  following  discharge  measurements  were  made  in  1897  by  E.  G. 
Murphy: 

April  2,  gage  height,  6.55  feet;  discharge,  2,558  second-feet. 
April  3,  gage  height,  5.87  feot;  discharge,  2,003  second-feet. 
April  30,  gage  height,  17.00 feet;  discharge,  10,367  second-feet. 
May  1,  gage  height,  7.38  feet ;  discharge,  3,384  second-feet. 
Jane  29,  gage  height,  2.35  feot;  discharge,  70  second- feet. 
July  20,  gage  height,  8.00  feet;  discharge,  312  second- feet. 
September  8,  gage  height,  1.95  feet;  discharge,  14  seeond-feet. 

Daily  gage  height ^in  feet y  of  Verdigris  River  at  Liberty,  KaniaSf  for  1897, 


Bay. 

Jan. 

Feb. 
3.6U 

'a.' 40* 

9.80 

Mar. 

8.60 
8.60 
8.80 
5.00 
20.00 
13.75 
7.50 
6.00 
7.15 
6.90 
5.80 
4.05 
4.80 
4.35 
4.25 
4.10 
5.06 
5.80 
5.40 
5.55 
5.70 
6.10 
4.60 
4.20 
4.00 
8.95 
3.80 
3.80 
3.80 
6.50 
9.30 

Apr. 

May. 

7.20 
5.80 
5.25 
4.95 
4.65 
4.45 
4.35 
4.15 
4.10 
4.10 
6.05 
13.25 
6.85 
6.10 
4.80 
4.60 
4.30 
4.15 
8.95 
3.75 
3.65 

June. 

July. 

Aug. 

2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

Sept. 

Oct. 

Xov. 

Dec. 

1 

10.15 
7.05 
5.70 
5.05 
4.75 
4.55 
4.85 
4.30 
4.30 
4.55 
6.00 
4.70 
4.30 
4.15 
4.00 
8.85 
8.70 
8.60 
8.60 
8.60 
8.60 
8.40 
3.40 
8.40 
6.85 
6.70 
4.85 
18.75 
28.20 
21.60 

2.90 
2.90 
3  10 
2.90 
2.90 
2.90 
3.00 
3.00 
8.25 
6.65 
4.75 
4.10 
3.60 
3.40 
3.30 
3.30 
3.20 
3.10 
3.00 
3.10 
3.35 

2.40 
2.40 
2.40 
2.40 
2.45 
9.45 
6.90 
6.00 
3.70 
2.05 
2.75 
2.60 
2.50 
2.50 
2.45 
2.40 
2.40 
2.40 
2.60 
2.95 
3.05 
2.80 
2.80 
2.70 
2.55 
2.35 
2.20 
2.20 
2.20 
2.20 
2.20 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

2.00 

1.70 

1.60 

2 

8.80 

3 

i.'io' 
i'so" 

1.60 

1.60 

4 

4.00 

6 

1.60 

"Tto"' 

6 

7 

8.80 

8 

6.00 
'6."  60* 

i'io' 

1.80 

1.60 

1.70 

g 

8.30 

10 

i.Ho" 

1.60 

1.70 

11 

8.20 

12 

1.60 

"T76'" 

13 

14 

4.20 

2.00     1.80 

15 

5.00 

i'ao' 
Tio" 

2. 00     1. 80 

1.60 

1.90 

16 

17 

4.30 

1.60 

1.90 

18 

19 

6.10 

2.00  1  1.70 

1.60 

"'i.96"' 

20 

5.30 

2.00 

1.70 

21 

22 

23 

6.30 

4.40 

3.35  .  3.10 
4. 05     2.  80 

2.00 

1.70 

1.60 

2.20 

24 

4.00 

'i*66' 

3.95 
8.70 
3.65 
3.20 
8.10 
3.00 
3.00 
3.00 

2.70 
2.60 
2.50 
2,50 
2.40 
2.40 
2.30 

1.60 

2.20 

25 

4.70 

2.00 

1.70 

26 

1.60 

"'i.'75" 

27 

4.10 

2.00 

1.70 

28 

29 

20 

8.80 

2.00 

1.70 

1.60 

1.90 

31 

1.90 
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lOLA  STATION  ON  NEOSHO  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  238,  is  located  at  a  highway  bridge  1  mile  west  of  the  city  of  lola, 
Kansas.  The  gage  is  in  two  parts— one  part,  a  vertical  board  marked  to 
feet  and  tenths  and  fastened  to  flume,  serves  to  give  ordinary  heights; 
the  other  is  a  smooth  stone  wall  near  by,  having  horizontal  lines  on  it 
one-half  foot  apart,  for  use  when  the  water  is  high.  The  zero  is  13.30 
feet  below  the  heads  of  three  large  nails  driven  into  crosspiece  of 
flume.  The  observer  is  Elias  Bruner.  The  following  is  a  list  of 
discharge  measurements  made  by  E.  G.  Murphy  in  1897 : 

March  19,  gage  height,  3.15  feet;  discharge,  566  second- feet. 
April  1;  gage  height,  4.60  feet;  discharge,  2,049  second- feet. 
April  2,  gage  height,  4.35  feet;  discharge,  1,752  second-feet. 
May  1,  gage  height,  3.28  feet;  discharge,  544  second-feet. 
Jane  28,  gage  height,  4.75  feet ;  discharge,  2,226  second-feet. 
December  1,  gage  height,  1.80  feet;  discharge,  1  second-foot. 

Daily  gage  height,  in  feet,  of  Neosho  Biver  at  lola,  Kansas,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

2.40 
2.40 
2.40 
2.45 
2.50 
2.50 
2.50 
2.45 
2.40 
2.40 
3.60 
3.55 
3.25 
3.15 
2.85 
2.75 
2.55 
2.36 
2.25 
2.30 
2.25 
2.20 
2.20 
2.10 
2.10 
2.50 
3.85 
3.85 
4.10 
2.75 

July. 

Aug. 

Sept 

Oct 

Nov. 

1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 

Dec. 

1 

2 

2.20 
2.30 
2.40 
2.50 
2.60 
2.60 
2.60 
2.70 
2.90 
2..00 
2.95 
3.10 
8.15 
3.20 
3.20 
3.15 
3.00 
8.20 
8.20 
3.80 
3.40 
3.50 
3.60 
3.00 
3.50 
8.50 
3.40 
3.35 
3.30 
8.30 
3.80 

3.20 
3.50 
3.90 
5.00 
4.70 
3.20 
3.30 
8.15 
3.45 
8.75 
4.25 
5.15 
4.85 
4.80 
5.85 
6.30 
4.80 
5.40 
9.85 
6.20 
4.65 
4.30 
3.85 
3.25 
2.70 
3.80 
3.00 
2.90 

2.95 
3.05 
3.00 
3.10 
6.85 
5.05 
4.00 
3.55 
3.45 
3.25 
3.05 
2.95 
2.90 
2.90 
2.80 
2.85 
2.90 
2.90 
3.05 
4.85 
3.85 
8.50 
3.05 
3.25 
3.20 
3.10 
8.00 
8.00 
8.00 
4.80 
5.85 

4.75 
4.20 
4.10 
3.85 
8.65 
3.45 
3.40 
3.60 
3.90 
4.00 
4.00 
4.00 
3.90 
8.80 
8.66 
3.40 
8.20 
3.10 
3.10 
3.10 
3.00 
3.00 
3.00 
2.90 
2.90 
3.10 
3.10 
3.45 
3.55 
3.45 

3.30 
3.80 
3.30 
3.20 
3.20 
3.15 
3.10 
3.10 
3.10 
3.00 
3.00 
3.00 
3.00 
2.90 
2.90 
2.90 
2.80 
2.80 
2.70 
2.70 
2.60 
2.60 
2.50 
2.50 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.40 

2.25 
2.20 
2.20 
2.25 
2.85 
2.30 
2.20 
2.65 
2.70 
2.90 
2.95 
2.85 
2.75 
2.65 
2.50 
2.40 
2.30 
2.30 
2.25 
2.25 
2.20 
2.20 
2.20 
2.20 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 

2.00     2.05 
2. 10     2. 00 

1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 

1.80 
1.80 
1.80 
1.80 
1.80 
L80 
1.60 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 

8 

2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.10 
2.10 
2.10 
2.15 
2. 15 
2.15 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.05 
2.05 

2.00 
2.00 
1.90 
1.00 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 

4 

6 

6 

7 

6 

9 

10 

11 

12 

13 

14 

15 

18 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

80 

81 
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DEL  NOBTE  STATION  ON  BIO  GRANDE. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  246,  is  located  about  two  miles  above  the  town  of  Del  Norte,  Col- 
orado. The  gage  consists  of  an  inclined  2  by  6  inch  plank,  fastened 
to  posts  driven  into  the  right  bank  of  the  river.  Bench  mark  No.  1  is 
a  large  nail  in  the  root  of  a  tree  15  feet  northwest  of  the  end  of  the 
cable  on  left  bank  of  river.  Bench  mark  No.  2  is  a  large  nail  iu  the  root 
of  a  tree  25  feet  southwest  of  the  end  of  the  inclined  gage.  Both 
bench  marks  are  7.54  feet  above  gage  datum.  While  the  banks  are 
not  high,  the  river  has  never  been  known  to  overflow.  The  current  is 
swift;  the  bed  is  composed  of  small  stones  and  the  cross  section  does 
not  change  materially.  Discharge  measurements  ar^  made  from  a  box 
suspended  from  a  five-eighth  inch  wire  cable  fastened  to  trees  on  each 
side  of  the  river.  The  observer  is  J.  S.  Began.  The  following  dis^ 
charge  measurements  were  made  in  1897  by  F.  Cogswell : 

April  26,  gage  height,  3.00  feet;  discharge,  1,507  second-feet. 
May  17,  gage  height,  4.05  feet;  discharge,  3,014  second-feet. 
May  29,  gage  height,  5.45  feet;  discharge,  4,898  second -feet. 
Jnne  28,  gage  height,  3.30  feet;  discharge,  1,769  second- feet. 
July  26,  gage  height,  2.00  feet;  discharge,  640  second-feet. 
August  30,  gage  height,  1.55  feet;  discharge,  373  second- feet. 
October  25,  gage  height,  2.66  feet;  discharge,  1,113  second-feet. 

Daily  gage  height,  in  feet,  ofJiio  Grande  at  Del  Norte,  Colorado,  for  1897. 


Day. 

Jan. 

Fob. 

Mar. 

Apr. 

May. 

Jane. 

July.  Ang. 

i 

Sept. 

Oct 
2.22 

Not. 

Deo. 

1 

2.18 

3.40 

6.42 

3.40 

1.88 

1.48 

2.86 

2 

1.86 

3 

2.24 

8.62 

6.30 

8.56 

1.90 

1.64 

2.50 

2.28 

"i'so" 

4 

6 

2.24 

8.14 

6.20 

3.18 

1.86 

1.70 

3.36 

2.26 

6 

2.78 

2.98 

7 

2.16 

8.86 

4.42 

2.76 

1.92 

2.00 

3.06 

2.18 

8 

0 

2.64 

2.00 

4.14 

4.60 

3.00 

1.96 

1.78 

3.64 

2.14 

10 

11 

. .4. •  • 

1.96 

4.08 

4.78 

2.84 

1.84 

1.76 

3.26 

2.22 

2.18 

12 

13 

2.82 

2.64 

2.04 

4.26 

4.76 

2.62 

1.76 

2.48 

3.38 

2.12 

14 

15 

2.24 

4.48 

4.82 

2.60 

1.72 

2.12 

3.60 

2.00 

16 

2.62 

17 

2.00 

4.22 

4.16 

2.48 

1.76 

1.98 

3.24 

1.08 

"*2.'86  * 

18 

19 

8.46 

4.60 

3.84 

2.82 

1.70 

2.02 

3.12 

1.96 

20 

2.84 

2.38 

21 

8.20 

4.86 

8.92 

2.18 

1.64 

2.00 

2.06 

1.94 

22 

23 

2.72 

2.60 

5.12 

4.00 

2.14 

1.60 

2.06 

2.82 

1.90 

24 

26 

2.70 

6.66 

3.66 

2.10 

1.66 

2.20 

2.66 

1.86 

2.72 

26 

27 

2.76 

2.04 

2.94 

5.70 

3.16 

1.08 

1.64 

2.46 

2.64 

1.84 

28 

29 

3.04 

6.40 

3.38 

1.94 

1.62 

2.24 

2.46 

1.88 
1.92 

"2.66* " 

30 

2.70 

81 

2.12 

•■•■*• 

6.68 

1.92 

1.60 

2.44 
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EMBUDO  STATION  ON  RIO  ORANBE. 

This  station,  described  in  the  Eighteenth  Annual  Eeport,  Part  lY, 
page  248,  is  located  about  300  feet  east  of  the  railroad  depot  of  Embado, 
New  Mexico.  The  observer  is  A.  H.  Wasson.  Equipment  consists  of  a 
five-eighths  inch  cable  and  car  with  tagged  wire.  The  gage  is  inclined, 
and  consists  of  4  by  4  timber,  notched  and  marked  every  tenth  of  a 
foot  vertically  and  spiked  to  small  hand-driven  piles.  The  bench  marks 
are  as  follows:  No.  1  is  a  rock  near  the  end  of  cable,  left  bank,  marked 
"B.  M."  with  white  paint,  and  is  20.66  feet  above  datum.  No.  2,  rock 
100  feet  above  cable,  left  bank,  marked  similarly  and  is  18.79  feet  above 
datum  ^  No.  3,  notch  cut  in  southeast  corner  of  station  house  2  feet 
above  platform  and  is  30.48  feet  above  datum.  The  initial  point  of 
sounding  is  on  the  right  bank.  The  left  bank  is  steep  and  the  right 
bank  of  more  gentle  slope.  The  following  discharge  measurements 
were  made  in  1897  by  P.  E.  Harroun : 

February  27,  gage  height,  7.90  feet;  discharge,  414  second-feet. 
March  19,  gage  height,  8.80  feet ;  discharge,  672  second-foet. 
June  10,  gage  height,  12.20  feet;  discharge,  5,122  second- feet. 
June  23,  gage  height,  10.65  feet;  discharge,  2,735  second-feet. 
July  11,  gage  height,  9.50  feet;  discharge,  1,527  second- feet. 
July  24,  gage  height,  8.30  feet;  discharge,  G40  second- feet. 
August  12,  gage  height,  7.40  feet;  discharge,  312  secoud-fect. 
August  29,  gage  height,  7.60  feet;  discharge  273  second -feet. 
September  13,  gage  height,  7.60  feet;  discharge,  296  second-feet. 
October  8,  gage  height,  9.60  feet;  discharge,  1,501  second-feet. 
October  25,  gage  height,  9.70  feet;  discharge,  1,511  second-feet. 

Daily  gage  height,  in  feet,  of  Rio  Grande  at  Embudo,  New  Mexico,  for  1897. 


Day. 

Jan. 

7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.80 
7.90 
7.90 
7.90 
7.90 
7.95 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
7.85 
7.70 
7.70 
7.70 
7.70 
7.70 

Feb. 

7.70 
7.70 
7.80 
7.85 
7.90 
7.90 
7.90 
7.90 
7.90 
7.90 
7.95 
7.95 
7.90 
7.90 
7.85 
7.80 
7.95 
7.90 
7.90 
7.90 
7.85 
7  85 
7.90 
7.80 
7.80 
8.15 
7.90 
8.00 

Mar. 

8.10 
8.25 
8.20 
8.20 
8.05 
7.95 
7.90 
7.90 
8.10 
8.20 
8.05 
8.26 
8.25 
8.30 
8.25 
8.30 
8.40 
8.40 
8.40 
8.50 
8.60 
8.60 
8.45 
8.2U 
8.45 
8.45 
8.60 
8.80 
8.05 
9.00 
8.85 

Apr. 

May. 

Jane. 

13.85 
13.90 
13.75 
13.35 
12.95 
12.45 
12.10 
12.10 
12.10 
12.10 
12.  30 
12.35 
12.45 
12.40 
12. 40 
12.36 
12.26 
12.00 
11.70 
11.20 
11.00 
10.76 
10.50 
10.45 
10.40 
10.40 
10.40 
10.30 
10.20 
10.85 

July. 

Aug. 

7.60 
7.00 
7.60 

Sept. 

Oct. 

Nov. 

X^OO* 

1 

8.80 

8.75 

8.70 

8.70 

8.75 

8.70- 

8.90 

8.90 

9.05 

9.10 

9.15 

9.30 

9.30 

9.30 

9.45 

9.50 

9.55 

9.95 

10.  30 

10.35 

10.70 

10.70 

10.75 

10.60 

10.45 

10.30 

10.50 

10.75 

10.85 

10.75 

10.85 
11.15 
11.25 
11.60 
11.55 
11.85 
11.35 
11.30 
11.40 
11.65 
12.00 
12.00 
11.85 
11.90 
11.95 
12. 15 
12.20 
12.25 
12.  55 
13.05 
13.40 
13.40 
13.20 
13.10 
13.10 
13.60 
13.65 
13.90 
14.00 
13.80 
13.80 

9.90 
0.80 
9.76 
9.65 
9.  GO 
9.50 
9.35 
0.56 
9.70 
9.60 
9.50 
0.55 
0.05 
0.65 
10.  36 
10.00 
0.60 
0.50 
9.35 
0.05 
8.80 
8.70 
8.65 
8.30 
8.10 
8.00 
8.00 
7.85 
7.80 
7.76 
7.65 

7.60 
7.60 
7.70 

8.20 

8.30 

8.30 

9.06 

8.45 

8.30 

8.60 

9.60 

9.80 

9.80 

10.10 

10.20 

10.16 

10.10 

10.15 

10.20 

10.20 

10.25 

10.30 

10.25 

10.15 

9.65 

10.15 

9.95 

9.70 

9.70 

9.00 

10.16 

0.00 

0.60 

0.50 

0.60 
9.50 
0.50 
0.60 
0.60 
0.60 
9.50 
9.60 
9.50 
9.50 
9.60 
9.50 
9.50 
9.50 
9.60 
9.50 
0.40 
9.35 
9.20 
9.00 
9.00 
8.00 
8.86 
8.80 
8.70 
8.70 
8.70 
8.70 
8.70 
8.70 

8.70 

2 

8.50 

8 

8.50 

i 

7.  50     7. 60 
7. 46  1  7.  65 
7.  40  1  7. 60 
7.  60     7.  50 
7.  65     7. 50 
7.  60  ;  7. 50 
7. 50  1  7.  50 
7. 50  1  7.  60 
7.  40  i  7. 60 
7.40     7.65 
7.  35     7. 60 

8.40 

5 

8.20 
8..'H) 
8.20 
8.25 
8.40 
8.40 
8.30 
8.40 
8.30 
8.10 
8.20 
8.30 
8.30 
8.40 
8.30 
8.30 
8.40 
8.30 
8.2U 
8.30 
8.40 
8.30 
8.30 
8.30 
8.30 
8.30 
8.40 

C 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

7.30 
7.40 
7.50 
7.45 

7.60 
7.70 
7.70' 
7.75 

17 

18 

19 

7. 40     7. 80 

20 

7.40 
8.00 
7.60 
7.60 
7.60 
7.65 
7.50 
7.50 
7.55 
7.60 
7.60 
7.60 

7.80 
7.80 
7.85 
7.90 
7.85 
7.96 
8.00 
8.00 
8.00 
8.10 
8.10 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
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ABIQUIU  STATION  ON  OHAMA  BIYER. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  252,  is  located  about  200  yards  above  the  town  of  Abiquiu,  New 
Mexico.  The  gage  consists  of  two  pieces  of  4  by  4  iuch  timberB  laid 
on  the  slope  of  the  river  bank  and  spiked  to  hand-driven  piles.  The 
gaging  equipment  consists  of  iiveeighths  inch  cable,  car,  and  tagged 
wire.  The  initial  point  for  soundings  is  on  the  left  bank.  The  channel 
is  straight,  both  above  and  below  the  station,  for  a  distance  of  about 
300  feet,  although  at  stages  of  very  low  water  it  is  likely  to  divide  and 
swing  in  the  main  bed.  The  right  bank  is  steep  and  rocky,  but  the 
left  is  liable  to  overflow  during  an  excessive  flood.  The  observer  is 
Henry  Grant.  This  station  was  discontinued  on  April  7, 1897.  The 
following  is  a  list  of  discharge  measurements  made  during  1897  by  P. 
E.  Harroun: 

February  26,  gage  height,  2.20  feet ;  discharge,  66  second-feet. 
March  18,  gage  height,  3.00  feet;  dischai'ge,  318  second- feet. 

Daily  gage  height,  in  feet,  of  Ckatna  River  at  Abiquiu,  New  Mexico,  for  1897. 


1 
Day. 

1... 

Jan. 
3.40 

Feb. 

Mar. 
2.35 

Apr. 
4.15 

Day. 
12... 

Jan.  Feb.  Mar. 

1     1 

Apr. 

Day. 

Jan. 
1.95 

Fob. 

Mar. 
3.70 

Apr. 

2.10 

1. 95  2. 15  3. 15 

:  23... 

2.00 

2... 

2.56 

2.10 

2.35 

3.05 

13... 

1.90 

2.00  3.00  1 

24... 

2.00 

1.95 

4.05 

3... 

2.40 

2.05 

2.50 

4.20 

14... 

3.45 

2.00  ;  3.05  i 

25... 

2.05 

2.10 

3.70 

4... 

2.25 

2.05 

3.55 

5.10 

15... 

3.25  !  2.00  1  2.90  ! 

26... 

2.15 

2.05 

3.70 

5... 

2.  20  2. 00 

3. 55  1  4. 85 

16... 

3.00  ,  2.00  '  2.90  \ 

27... 

2.15 

2. 15  4. 10 

6... 

2.05 

2.15 

3.  20  '  5. 75 

17.. 

2.45  ■  2.00  3.15  !  28... 

2.05 

2.25 

4.05 

7... 

1.90 

2.05 

2.90  1  4.85 

18... 

2.  30  2.  25  3.  25 

,  29... 

2.10 

4.10 

8... 

2.05 

2.15 

3.05  

19... 

2. 20  2.  40  3. 15 

30... 

2.10 

3.95 

9... 

2.10 

1.05 

2.05 

20... 

2. 05  2. 15  1  2.  95 

31... 

1.95 

3.85 

10... 

2.05 

2.00 

2.80 

21... 

2.00  2.05  ,  3.05  

1 

11... 

2.10 

2.10 

2.85 

22... 

1 

2.15  '  2.05  1  3.25  

1   i 

1 
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BIO  GRANDE  STATION  ON  RIO  ORANDB. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  252,  is  located  about  one-fourth  of  a  mile  above  the  railroad  sta- 
tion, Bio  Grande,  New  Mexico.  The  equipment  consists  of  a  five-eighths 
inch  wire  cable,  car,  and  tagged  wire.  The  gage  is  inclined,  and  con- 
sists of  two  timbers  4  inches  square  fastened  to  hand-driven  piles  and 
wired  to  solid  rocks.  The  bench  mark  is  on  the  top  of  a  bowlder,  to 
which  the  upper  portion  of  the  gage  is  fastened,  and  is  17.815  feet 
above  gage  datum.  Measurements  are  made  from  the  car  suspended 
from  the  cable.  The  bed  of  the  stream  is  rocky  and  is  confined  between 
high  banks.  The  observer  is  L.  M.  Fewell.  The  following  discharge 
measurements  were  made  in  1897  by  P.  E.  Harroun: 


Date. 

Gage 
height. 

Dis- 
charge. 

1 

Date. 

1 

Gage 
height. 

Die- 
charge. 

Date. 

Gage 
height. 

1 

Dis- 
oharge. 

Feb.  25... 
Mar.  17... 
May  15... 
Jane  9  . . . 
Jane  22 . . 

Ftet, 
4.90 
5.83 
10.50 
8.80 
7.20 

8ee.ft. 
487 
1,003 
10,892 
6,794 
3,470 

1 
1 

i  July  10 

July  23..-. 

Aag.U.... 

Aag.28.... 

Sept.  12  . . . 

Ft€t. 

5.90 
5.20 
4.80 
4.20 
5.70 

1,757 
995 
406 
266 

1,044 

Sept.  24.. 

Oct.  7 

Oct.  24... 

1 

Ftet, 

5.20 
6.10 
7.00 

Sec/t. 
637 
1,584 
2,712 

Daily  gage  height,  in  feet,  of  Rio  Chrande  at  Rio  Orande,  New  Mexico,  for  1897. 


Day. 


1... 

2.. 

3... 

4.. 

5... 

6... 

7.. 

8.. 

9... 
10.. 
11... 
12.. 
13... 
14.. 
15... 
18... 
17... 
18... 
19... 
20... 
21... 
22.. 
23.. 

mntm  m  I 

25... 
26.. 
27... 
28.. 
29.. 
"30.. 
31... 


I 


Jan. 


5.00 
4.75 
4.70 
4.86 
4.35 
4.30 
4.85 
4.75 
4.70 
4.85 
5.00 
5.05 
5.00 
4.90 
5.05 
5.05 
4.85 
4.70 
4.65 
4.00 
4.70 
4.65 
4.80 
4.80 
4.80 
4.85 
4.85 
4.70 
4.70 
4.95 
5.00 


Feb. 


4.96 
4.95 
5.10 
6.10 
4.05 
5.00 
6.00 
6.00 
4.95 
5.00 
5.00 
4.90 
5.00 
5.05 
4.90 
4.82 
4.00 
4.95 
5.00 
5.05 
6.10 
4.90 
4.85 
4.90 
4.95 
5.06 
5.06 
5.06 


Mar. 

Apr. 

May. 

June. 

July. 

6.20 

0.10 

9.50 

10.60 

8.50 

6. 25     8. 10 

10.00 

10.60 

8.80 

5.90 

6.00 

10.35 

10.20 

8.10 

6.30 

8.06 

10.90 

10.20 

8.00 

6.40 

G.OO 

10.55 

9.70 

8.00 

5.15 

6.60 

9.95 

0.25 

6.00 

5.15 

7.25 

9.80 

9.00 

5.90 

6.22 

7.40 

10.06 

8.90 

5.90 

5. 80     6. 85 

10.40 

&80 

6.80 

6.70 

8.80 

10.55 

8.90 

8.15 

5.65 

7.10 

10.  »> 

9.00 

8.20 

5.40 

7.25 

10.80 

9.10 

8.20 

6.40 

7.40 

10.50 

9.20 

8.06 

6.35 

7.40 

10.50 

9.25 

6.00 

5. 20     7. 75 

10.45 

9.20 

8.10 

6.62     8.26 

10.65 

8.96 

8.20 

5.85 

8.80 

10.40 

8,80 

7.00 

5.66 

8. 70 

10.30 

8.35 

7.00 

5.80     8.05 

12.35 

8.20 

8.35 

5.85 

9.15 

12.25 

7.70 

6.95 

5.50 

9.80 

11.70 

7.45 

6.85 

6.56 

9.25 

11.80 

7.25 

5.35 

5.35 

9.45 

11.25 

7.05 

5.20 

5.25 

9.15 

10.80 

8.95 

5.20 

5.45 

9.10 

10.80 

8.86 

5.10 

6.76 

9.20 

10.90 

6.50 

4.96 

8.35 

9.80 

10.90 

8.85 

4.75 

8.40 

9.82 

11.00 

8.75 

4.80 

8.86 

9.40 

11.00 

8.80 

4.46 

8.80 

0.40 

10.90 

8.66 

4.40 

8.32 

11.20 

4.30 

Aug. 


4.70 
4.55 
4.00 
4.90 
4.70 
4.90 
4.80 
4.80 
4.80 
4.80 

4.8P 
4.80 
6.15 
4.56 
4.50 
4.30 
5.85 
5.26 
5.00 
4.70 
4.80 
5.25 
4.85 
4,75 
4.05 
4.60 
4.30 
4.20 
4.20 
5.25 
4.60 


Sept. 


4.40 
4.20 
4.45 
4.80 
4.20 
420 
4.80 
4.50 
5.05 
5.45 
5.85 
5.70 
5.90 
«.70 
6.80 
6.20 
4.96 
5.00 
5.06 
5.10 
5.10 
5.10 
5.20 
5.80 
6.80 
5.80 
6.36 
6.60 
6.40 
6.40 


Got. 


3.40 
6.45 
6.40 
6.50 
7.40 
8.35 
8.25 
8.80 
7.00 
7.56 
7.20 
7.15 
7.10 
7.00 
8.90 
8.80 
8.70 
7.06 
7.10 
7.00 
8.85 
8.70 
8.56 
8.66 
8.60 
8.50 
8.50 
8.40 
8.80 
8.80 
8.80 


Nov. 


Dec. 


8.20 
8.20 
8.20 
8.20 
8.20 
8.10 
8.00 
6.90 
5.80 
5.75 
5.70 
6.75 
6.80 
6.80 
5.90 
5.90 
5.80 
6.80 
6.70 
6.70 
5.70 
6.70 
5.00 
6.80 
6.80 
6.80 
6.80 
6.80 
6.46 
6.26 


5.15 
6.15 
5.06 
4.80 
4,80 
4.80 
4.06 
6.20 
5.20 
5.80 
6.30 
5.36 
4.80 
4.80 
4.70 
4.80 
5.20 
5.00 
4.05 
5.00 
4.95 
4.70 
4.50 
4.80 
4.90 
4.80 
4.85 
4.90 
4.00 
6.00 
5.00 
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SAN  MABOIAIi  STATION  ON  RIO  GRANDE. 


This  station,  as  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  254,  is  located  at  the  railway  bridge  one-half  mile  sonth  of  3an 
Marcial,  !N'ew  Mexico.  The  wire  gage  is  attached  to  the  gnard  rail  of 
the  bridge, lower  side,  south  span.  Bench  marks:  The  13-foot  mark  is 
level  with  the  extension  of  the  pier  to  which  the  old  gage  was  flAStened ; 
the  15-foot  mark  is  level  with  the  top  of  the  capstone  on  which  the 
bridge  truss  rests.  The  channel  is  sandy  and  shifting.  Several  bridge 
piers  also  break  the  current.  The  observer  is  H.  C.  Lohman.  The 
following  discharge  measurements  were  made  by  P.  E.  Harroun  in  1897 : 


Date. 

Gage 
height. 

DU- 
oharge. 

I)»te. 

Gage 
height. 

Dia- 
charge. 

Date. 

Gaffe 
height. 

DU. 
charge. 

Fset. 

Sec.  ft. 

Feet, 

8m.  St, 

Ftet, 

See.  ft. 

Feb.  21 . . . 

7.40 

344- 

Jane  7 

9.60 

9,141 

Aug.  18.. 

5.20 

5 

Mar.  24... 

7.50 

478 

June  21 . . . 

8.70 

4,142 

Aug.  26.. 

5.60 

23 

Apr.  9 

7.50 

800  1 

June  29  . . . 

8.10 

2,811 

Sept.  4... 

5.10 

7 

Apr.  9 

8.00 

1,650 

July  8.... 

7.40 

1,053 

Sept.  19.. 

8.00 

4,276 

Apr.  20... 

8.50 

3,165 

July  16.... 

7.70 

1,150 

Oct.  3.... 

7.00 

816 

May  5 

10.20 

8,679 

July  30.... 

7.00 

401 

Oct.  15... 

8.10 

3,980 

May  19... 

10.00 

10, 403 

Aug.  9 

6.60 

188 

Oct.  28... 

8.10 

3,796 

Daily  gage  height,  in  feet,  of  Bio  (Grande  at  San  Mardal,  New  Mexico,  for  1897, 


Day. 

Jan. 

Feb. 

liar. 

Apr. 

May. 

June. 

July. 

7.80 
7.90 
7.95 
7.60 
7.60 
7.50 
7.50 
7.40 
7.60 
7.70 
7.80 
7.56 
7.86 
7.60 
7.55 
7.50 
7.50 
7.50 
7.80 
7.70 
7.50 
7.40 
7.40 
7.40 
7.30 
7.30 
7.30 
7.30 
7.16 
7.00 
6.80 

Ang. 

Sept. 

Oct. 

Nov. 

8.00 
8.00 
8.00 
7.90 
7.90 
8.00 
8.00 
8.00 
7.90 
8.00 
8.00 
7.80 
7.60 
7.60 
7.60 
7.60 
7.80 
7.80 
7.90 
7.90 
7.90 
7.90 
7.90 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.90 

Deo. 

1 

7.50 
7.50 
7.50 
7.40 
7.40 
7.40 
7.40 
7.40 
7.40 
7.i0 
7.40 
7.25 
7.25 
7.25 
7.12 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.30 
7.30 
7.30 
7.32 
7.40 
7.40 
7.40 

7.40 

1 
7. 50     8. 50 

9.50 
9.50 
9.50 
9.80 
10.25 
10.65 
11.20 
10.75 
10.50 
10.50 
10.60 
10.50 
10.50 
10.60 
10.50 
10.50 
10.60 
10.50 
10.50 
11.65 
12.35 
12.35 
11.70 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.80 
10.60 

10.15 
10.05 
10.00 
0.75 
9.80 
9.60 
9.50 
9.25 
9.05 
9.00 
9.00 
9.15 
9.20 
9.25 
9.20 
9.  CO 
9.00 
8.95 
9.00 
8.90 
8.70 
8.56 
8.40 
8.20 
8.15 
8.00 
7.85 
8.40 
8.00 
7.85 

6.60 
6.60 
6.40 
6.39 
6.66 
6.90 
6.60 
6.95 
6.56 
6.26 
6.00 
6.00 
5.90 
5.90 
5.86 
5.70 
6.60 
5.30 
5.20 
5.85 
5.90 
6.86 
5.70 
5.00 
6.75 
5.70 
6.65 
5.65 
5.56 
6.35 
5.00 

5.00 
6.00 
5.10 
6.10 
7.60 
7.75 
7.10 
6.80 
6.36 
6.80 
6.40 
6.86 
8.30 
8.50 
7.75 
7.66 
7.50 
7.20 
7.66 
7.00 
6.80 
6.80 
6.80 
7.00 
7.70 
8.25 
8.15 
7.66 
7.35 
7.00 

7.00 
7.00 
6.90 
6.90 
8.45 
9.40 
8.55 
8.10 
8.26 
11.00 
9.15 
8.65 
8.40 
8.30 
8.20 
8.10 
8.00 
8.00 
8.00 
8.20 
8.30 
8.40 
8.80 
8.20 
8.20 
8.20 
8.20 
8.10 
8.10 
8.20 
8.20 

7.90 
7.80 
7.70 
7.70 
7.70 
7.80 
7.90 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.80 
7.80 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 

2 

7.40 
7.40 
7.40 
7.40 
7.40 
7.40 
7.40 
7.40 
7.40 
7.40 

7.60  :  8.20 
7.50  '  7.80 
7.50     7.60 

7. 50   7.  eo 

7.50     7.60 
7.50     7.60 
7.50     7.60 

3 

4 

5 

6 

7 

8 

9 

7.50 
7.50 
7.50 

7.90 
8.00 
8.30 
8.30 

10 

11 

12 

7. 40     7. 50 

13 

7.40     7.50  '  8.  .SO 

u 

7.40 
7.40 
7.40 
7.48 
7.46 
7.45 
7.46 
7.46 
7.50 
7.50 
7.50 
7.50 
7.50 
7.50 
7.60 

7.45 
7.55 
7.65 
7.60 
7.40 
7.40 
7.40 
7.40 
7.48 
7.50 
7.60 
7.80 
7.65 
7.60 
7.80 
7.60 
7.60 
7.70 

8.60 
8.95 
8.50 
8.50 
8.50 
8.50 
8.65 
0.15 
9.40 
9.75 
9.60 
0.50 
9.60 
0.50 
9.50 
6.60 
9.60 

15 

1« 

17 

18 

19 

ao 

21 

22 

23 

24 

25 

36 

27 

28 

29 

30 

31 
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EL  PASO   STATION   ON  RIO   GRANDE. 

This  station,  as  described  in  the  Eighteenth  Annual  Report,  Part 
IV,  page  259,  was  located  at  the  pumping  house  of  the  smelter  com- 
pany 3  miles  north  of  El  Paso,  Texas.  The  bed  of  the  stream  here  is 
composed  of  mud,  constantly  shifting  and  changing.  May  1,  1807,  the 
station  was  placed  under  the  charge  of  W.  W.  Eollett,  consulting  engi- 
neer, International  (Water)  Boundary  Commission,  and  by  him  removed 
1  mile  farther  uj)  the  river  to  Courchesne's  limekiln.  The  river  heights 
are  measured  at  the  masonry  pump  foundation  i)ier  150  feet  above  the 
kiln.  The  top  of  the  downstream  chisel  draft  on  this  pier  was  assumed 
to  be  at  gage  height  15.0  feet,  and  the  distance  of  the  surface  of  the 
water  below  it  was  measured  with  a  carefully  graduated  rod.  The  left 
bank  of  the  river  is  forme4  by  the  loose  rock  fill  of  the  Atchison,  Topeka 
and  Santa  Fe  Eailroad  embankment,  and  will  not  overflow.  The  right 
bank,  however,  is  not  so  good,  being  made  ground  and  subject  to 
overflow.  The  bottom  of  the  river  here  has  also  proven  unstable, 
scouring  on  a  rise  and  flUing  on  a  falling  river.  It  is  probably  the 
best  site  for  a  station  in  the  vicinity  of  El  Paso,  however,  as  the  entire 
river  bed  is  constantly  shifting  for  many  miles  above  and  below.  On 
account  of  this  shifting  character  of  the  stream,  the  only  accurate 
method  of  estimating  the  daily  discharges  is  by  taking  a  large  number 
of  measurements,  which  was  done  in  1897  as  follows,  by  P.  E.  Harroan, 
W.  W.  Follett,  and  T.  M.  Oourchesne : 


Date. 

Gage 
height. 

Din- 
charge. 

Date. 

Gaee 
height. 

Dis- 
charge. 

Sec.  ft 

Date. 

1 

Gage 
height. 

Dis- 
charge. 

Feet. 

Sec.  ft. 

Feet. 

Feet. 

See.  ft. 

Feb.  22... 

6.60 

195 

May  23.... 

13.40 

8,816 

Juno  21 . . 

10.00 

IS,221 

Mar.  25... 

6.00 

52 

May  24.... 

13.70 

10,088 

June  23  .. 

9.60 

4,100 

Apr.  10... 

7.00 

242 

May  25.... 

14.10 

10,421 

*  June  25  .. 

8.90 

2,809 

May  4 

11.40 

5,355 

May  26.... 

14.35 

11,583 

June  26  .. 

8.40 

2,474 

May  5 

11.35 

5,277 

June  4 

12.60 

10, 410 

July  1 . . . . 

10.40 

5, 617 

May  7 

11. 45 

5,891 

June  7 

12.30 

9,448 

July  3.... 

9.60 

3,931 

May  8 

11.95 

6,588 

June  11  ... 

10.70 

7,175 

July  6.... 

8.30 

1,733 

May  11... 

12.50 

7,241 

June  12  . . . 

10.30 

5,228 

July  8.... 

7.60 

976 

May  12... 

11.85 

6,810 

June  14  . . . 

10.20 

4,980 

July  10... 

7.50 

1,059 

May  19... 

12.20 

7,407 

June  16  . . . 

10.10 

5,340 

July  16... 

7.90 

1,288 

May  21... 

12.40 

8,099 

June  18  . . . 

10.10 

5, 42i 

July  17. . . 

7.60 

902 

May  22... 

12.80 

9,803 

June  19  . .  - 

10.20 

5, 446 

July  19.*.. 

7.50 

865 
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Dttte. 


Jaly24... 
July  26.. 
July  29.. 
July  31.. 

Aag.2 

Aag.  4 

Aug.  6 

Aag.  9 

Aug.  11.. 
Aug.  13.. 
Aug.  14. . 
Aug.  17.. 
Aug.  19. . 
Aug.  22.. 
Sept.  10.. 
Sept.  12  .. 
Sept.  14.. 
Sept.  16.. 
Sept.  18.. 


Gage 
lieiKiit. 


DIs. 
height.  I  charge. 


Ftet. 

6.90 

6.70 

6.40 

6.20 

6.10 

5.80 

5.70 

5.60 

5.50 

5.90 

5.80 

5.50 

7.00 

6.40 

6.50 

6.65 

7.20 

9.05 

8.60 


8ee./t. 
716 

508 

385 

302 

229 

100 

*68 

57 

50 

178 

130 

53 

495 

228 

261 

308 

702 

2,882 

1,892 


Bate. 

Oage 
height. 

Feet, 

Sept.  20... 

8.20 

Sept.  23... 

7.20 

Sept.  25... 

6.60 

Sept.  27... 

6.65 

Sept.  29... 

7.75 

Oct.  2 

7.50 

Oct. 22  .... 

8.55 

Oct.  25.... 

8.80 

Oct.  29.... 

8.80 

Nov.l 

8.90 

Nov.  3 

8.60 

Nov.  6 

8.40 

Nov.  8 

8.30 

Nov.  10 

8.40 

Nov.  13.... 

8.40 

Nov.  15.... 

8.10 

Nov.  17.... 

7.90 

Nov.  19 

8.20 

Nov.  20... 

8.10 

Dis- 
charge. 


8ee.ft. 
1,042 

555 

317 

347 

1,289 

599 

1,403 

1,463 

1,406 

1,654 

1,493 

1,332 

1,162 

1,215 

1,242 

1,006 

882 

1,248 

1,034 


Date. 


Gage 
leight. 


heig 


Dis- 
charge. 


Nov.  22. 
Nov.  25. 
Nov.  27. 
Nov.  29. 
Dec.  1 . . 
Dec.  3 . . 
Dec.  6 . . 
Dec.  8.. 
Dec.  11 . 
Dec.  13 . 
Dec.  15 . 
Dec.  18 . 
Dec.  20 . 
Dec.  22 . 
Dec.  24. 
Dec.  27. 
Deo.  29. 


Fe€t. 

8.00 

8.00 

7.90 

8.10 

8.10 

7.80 

7.60 

7.50 

7.80 

7.30 

7.40 

7.80 

7.60 

7.00 

7.30 

7.40 

7.60 


Daily  gage  hmghi,  in  feet j  of  Bio  Grande  at  El  Paao,  Texas,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1 

6.60 
6.60 
6.70 
6.70 
6.75 
6.80 
7.20 
6.96 
6.65 
6.45 
6.45 
6.20 
6.20 
6.20 
6.20 
6.20 
7.50 
8.25 
8.00 
7.60 
7.35 
7.30 
7.20 
7.20 
7.20 
7.10 
7.00 
6.90 
6.75 
6.80 
6.80 

6.90 
6.90 
6.80 
6.80 
6.80 
6.80 
6.85 
6.80 
6.70 
6.75 
6.85 
6.85 
6.80 
6.80 
6.90 
6.85 
6.80 
6.80 
6.75 
6.70 
6.60 
6.60 
6.50 
6.50 
6.45 
6.50 
6.40 
6.85 

6.80 
6.30 
6.20 
6.20 
6.20 
6.15 
6.10 
6.00 
6.00 
5.90 
5.90 
5.80 
5.85 
6.35 
6.20 
6.20 
6.10 
6.05 
6.00 
6.00 
6.00 
6.35 
6.30 
6.20 
6.00 
5.85 
5.75 
5.75 
5.60 
5.80 
6.00 

6.06 

6.00 

5.90 

6,75 

7.80 

7.50 

7.06 

7.00 

7.00 

7.00 

7.00 

7.95 

8.50 

8.40 

8.30 

8.30 

&60 

8.60 

8.60 

8.80 

9.05 

9.15 

9.80 

10.05 

10.15 

10.25 

10.45 

10.50 

10.45 

10.40 

all.  30 

2 

11.40 

3 

11.50 

4 

11.40 

5 

11.35 

6 

11.40 

7 

8 

11.50 
12.00 

0 

12.65 

10 

13.40 

u 

12.65 

12 

11.76 

13 

11.55 

14 

11.70 

16 

16 

11.95 
12.05 

17 

12.35 

18 

12.35 

19 

12.20 

20 

21 

12.10 
12.60 

23 

12.80 

23 

13.25 

24 

13.80 

26 

14.15 

26 

14.45 

27 

15.30 

28 

14.20 

29 

30 

13.36 
12.90 

31 

12.70 

See./t. 

1,033 
1,049 
999 
959 
886 
917 
645 
534 
678 
503 
582 
687 
657 
467 
541 
583 
616 


Jone. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

12.70 

10.30 

6.20 

(b) 

7.85 

8.90 

8.10 

12.60 

9.00 

6.10 

(b) 

7.40 

8.70 

8.00 

12.80 

9.00 

5.95 

(b) 

7.00 

8.60 

8.00 

13.60 

8. 60     5.  80 

(b) 

6.65 

8.50 

7.95 

12.55 

8.20 

5.80 

6.10 

6.45 

8.45 

7.86 

12.55 

8.20 

5.70 

5.95 

6.35 

8.40 

7.85 

12.25 

7.70     5.60 

5.90 

6.15 

8.40 

7.70 

11.95 

7.55 

5.60 

6.40 

7.00 

8.35 

7.56 

11.70 

7.30 

5  60 

6.10 

10.15 

8.40 

7.70 

11.05 

7.60 

5.60 

6.60 

9.65 

8.40 

7.90 

10.66 

8.40 

5.50 

6.60 

9.45 

8.40 

8.00 

10.30 

7.90 

5.40 

6.70 

10.60 

8.40 

7.75 

10.25 

7.90 

5.80 

7.05 

11.15 

8.40 

7.35 

10.15 

7.90 

5.80 

7.40 

10.00 

8.25 

7.40 

9.90 

7.95 

5.60 

7.30 

9.20 

8.10 

7.35 

10.10 

7.85 

5.70 

9.10 

8.90 

8.10 

7.40 

10.10 

7.65 

5.50 

8.90 

8.65 

7.96 

7.40 

10.15 

7.45 

6.50 

8.60 

8.75 

8.00 

7.80 

10.15 

7.60 

7.20 

8.70 

8.70 

8.15 

7.75 

10.  iO 

7.20 

6.80 

8.10 

8.60 

8.10 

7.55 

10.05 

6.00 

6.50 

7. 90     8. 60 

8.15 

7.25 

9.75 

7.20 

6.40 

7. 50  ;  8. 55 

8.05 

7.00 

9.55 

7.70 

0.10 

7. 20  1  8. 60 

8.10 

7.20 

9.20 

6.90 

5.90 

7. 00  1  8. 85 

8.05 

7.35 

8.80 

6.75 

5.70 

6. 70     8. 80 

7.95 

7.50 

8.35 

6.70 

5.50 

6.  50  ;  8. 70 

7.86 

7.50 

8.20 

7.30 

it>) 

6.70 

8.70 

7.95 

7.40 

8.05 

6.40 

ib) 

7.15 

8.80 

7.95 

7.50 

8.05 

6.30 

(b) 

7.85 

8.80 

8.10 

7.60 

9.30 

6.25 

(b) 

8.35 

8.00 

8.00 

7.35 

6.20 

ib) 

8.70 

7.20 

a  Location  of  gaging  station  chanjpe4. 

WB  X6 — 3 


^  No  flow. 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


GRANGER  STATION  ON  BLACKS  FORK. 

The  old  station,  described  in  the  Eighteenth  Annual  BeiK>rt,  Part 
IV>  pag©  270,  was  located  3  miles  west  of  Granger,  Wyoming,  at  the 
Union  Pacific  railroad  bridge,  and  above  Hams  Fork.  On  April  28  the 
location  was  abandoned  and  the  station  was  removed  to  a  point  below 
Hams  Fork,  about  one-fourth  of  a  mile  below  Granger.  The  new  rod 
consists  of  a  horizontal  timber  4  by  4  inches  by  16  feet,  fastened  to 
two  upright  posts  6  feet  apart  and  set  firmly  in  the  bank  of  the  river 
above  high-water  mark.  One  end  of  this  horizontal  timber,  to  which 
the  wire  gage  is  fastened,  projects  out  over  the  water.  The  length  of 
the  gage  wire  is  13.35  feet.  The  distance  from  the  outside  edge  of  the 
pulley  to  the  zero  of  the  rod  is  2.45  feet.  The  bench  mark  is  a  rail 
spike  in  an  old  tie  24  feet  southwest  of  inside  post  of  gage.  The  letters 
*^B.  M.^  are  marked  in  black  paint  on  the  tie.  The  elevation  of  the 
head  of  the  spike  above  datum  is  8.74  feet.  The  observer,  pump  man 
for  the  railroad,  is  J.  B.  Kirby.  Discharge  measurements  are  made 
from  a  cable  and  car  400  feet  below  the  rod.  The  following  are  those 
made  in  1897,  by  0.  T.  Johnston : 

^i^y  7,  gage  height,  4.55  feet;  discharge,  3,724  second-feet. 
May  18,  gage  height,  4.60  feet;  discharge,  4,079  second-feet. 
May  26,  gage  height,  5.10  feet ;  discharge,  4,976  second-feet. 
June  3,  gage  height,  3.60  feet;  discharge,  2,910  second- feet. 
June  10,  gage  height,  2.75  feet ;  discharge,  1,758  seoond-feet. 
Jnne  15,  gage  height,  2.45  feet;  discharge,  1,432  second-feet. 
Angnst  9,  gage  height,  0.40  foot;  discharge,  222  second- feet. 

Daily  gage  height,  in  feet,  of  Blaoka  Fork  at  Granger,  Wyoming,  for  2897. 


D«y. 

Jan. 

Feb. 

Mftr. 

Apr. 

3.00 
3.20 
2.90 
3.20 
3.20 
2.90 

03.60 
3.40 
3.20 
8.50 
5.50 
4.60 
4.^ 
3.70 
8.50 
3.90 
4.20 
4.40 
4.60 
4.60 
4.50 
4.20 
3.60 
3.80 
3.30 
3.20 
3.50 

61.90 
2.30 
2.50 

M*y. 

June. 

July. 

Aag. 

0.20 
.20 
.20 
.30 
.30 
.30 
.35 
.40 
.40 
.40 
.40 
.40 
.36 
.80 
.30 
.30 
.20 
.20 
.10 
.10 
.10 
.10 
.10 
.05 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Sept. 

Oct 

Nov. 

Dec. 

1 

2.80 
3.05 
3.20 
3.35 
3.70 
4.20 
4.55 
4.95 
5.10 
4.96 
4.60 
4.10 
8.85 
4.10 
4.25 
4.50 
4.55 
4.60 
4.50 
4.55 
5.05 
5.30 
5.80 
5.60 
5.40 
4.95 
4.70 
4.85 
4.20 
4.20 
4.05 

4.00 
3.85 
3.50 
3.20 
2.90 
2.65 
2.50 
2.40 
2.60 
2.65 
2.70 
2.50 
2.30 
2.40 
2.30 
2.25 
2.05 
2.05 
1.75 
1.60 
1.45 
1.40 
1.40 
1.30 
1.20 
1.20 
1.10 
1.06 
1.10 
1.10 

1.00 
1.00 
1.05 
1.20 
1.15 
1.05 
.95 
.90 
.85 
.80 
.70 
.70 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.55 
.50 
.50 
.50 
.50 
.40 
.40 
.35 
.30 
.30 
.20 
.20 

—0.10 

—  .10 

—  .10 

—  .10 
+  .05 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.10 
.10 
.20 
.30 
.30 
.80 
.25 
.20 
.20 
.20 
.20 
.20 
.25 
.85 
.40 
.50 
.50 

0.65 
1.50 

2 

2.90 

3 

4 

0.80 

5 

6 

2.90 

2.90 

7 

0.60 

8 

9 

2.90. 

.90 

10 

11 

1 

1.20 

12 

1 

13 

2.00     2.90 

.60 

14 

16 

16 

17 

2.90 

1 
1 

.80 

13 

19 

2.90 

1.10 

20 

2.90 

.50 

21 

22 

23 

24 

2.90 

.60 

25 

1.10 

28 

1    27 

2.90 

2.90 

28 

29 

80 

2.90 

31 

.      1 

1 

a  New  wire  piffe. 

b  Station  niovo«l  tu  ouo-foarih  mile  below  Granger,  Wyoming. 


DBAmAOE   BASIN  OF  COLORADO  BIVEB. 
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GBEENBIYSB  STATION  ON  OBEBN   BIYEB. 


This  Btation,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  272,  is  located  at  Greenriver,  Wyoming.  The  rod  is  fastened  to 
an  old  pile  near  the  east  end  of  the  bridge  at  the  pump  house  of  the 
railroad  company.  The  pumpman  in  charge,  William  Slater,  is  the 
observer.  The  bench  mark  consists  of  a  cross  on  the  third  step  from 
the  bottom  on  the  south  end  of  east  abutment,  and  is  12.48  feet  above 
datum.  The  section  under  the  railroad  bridge  is  poor,  and  discharge 
measurements  are  made  from  the  new  iron  highway  bridge  one-half 
mile  below.  The  channel  here  is  straight  for  some  distance  above  and 
below.  The  banks  are  medium  high,  and  the  bed  is  composed  of  small 
cobblestones  and  gravel,  being  quite  i>ermauent  in  character.  The 
following  discharge  measurements  were  made  by  Gyrus  G.  Babb  and 
C.  T.  Johnston  in  1897 : 

April  21,  gage  height,  1.85  feet;  disoharge,  1,820  second-feet. 
May  7,  gago  height,  3.30  feet;  discharge,  6,970  second-feet. 
May  18,  gage  height,  4.00  feet:  discharge,  9,325  second- feet. 
May  26,  gage  height,  5.35  feet;  discharge,  15,318  second-feet. 
Jane  3,  gage  height,  5.10  feet;  discharge,  14,896  second-feet. 
June  10,  gage  height,  3.45  feet;  discharge,  6,101  second-feet. 
June  15,  gage  height,  3.60  feet;  discharge.  7,094  second-feet. 
August  9,  gage  height,  2.00  feet;  discharge,  2,081  second-feet. 

Daily  gage  height,  in  feet,  of  Green  River  at  Greenriver,  Wyoming,  far  1897. 


D»y. 

Jan. 

Feb. 

M«r. 

Apr. 

May. 

June. 

July. 

Aog. 

Sept. 

Oct. 

Nov. 

1       

1.88 
1.75 
1.56 
1.60 
1.58 
1.52 
1.60 
1.52 
1.48 
1.45 
1.55 
1.72 
1.78 
1.05 
2.00 
2.05 
2.15 
2.30 
2.25 
2.35 
2.40 
2.50 
2.40 
1.85 
1.78 
1.80 
1.98 
2.06 
2.22 
2.86 

2.85 
2.50 
2.55 
2.72 
2.95 
3.15 
3.82 
3.45 
3.68 
3.65 
3.58 
3.50 
3.38 
3.38 
3.50 
3.68 
3.88 
4.02 
4.10 
4.25 
4.62 
5.30 
6.85 
5.58 
5.42 
5.32 
5.28 
5.16 
4.88 
4.60 
4.62 

4.80 
4.92 
5.08 
4.80 
4.40 
4.12 
3.82 
8.55 
3.48 
3.58 
3.68 
3.72 
3.65 
3.65 
3.68 
3.76 
3.75 
3.80 
8.75 
3.55 
3.85 
3.12 
3.05 
8.00 
2.98 
3.02 
3.00 
3.00 
3.00 
2.98 

2.85 
2.75 
2.75 
2.85 
3.00 
2.02 
2.75 
2.65 
2.58 
2.50 
2.50 
2.50 
2.45 
2.40 
2.32 
2.30 
2.25 
2.30 
2.26 
2.25 
2.22 
2.18 
,2.12 
2.10 
2.02 
1.98 
1.06 
1.90 
1.90 
1.85 
1.80 

1.85 
1.95 
2.02 
2.26 
2.22 
2.18 
2.08 
2.10 
2.02 
2.10 
2.05 
1.98 
1.88 
1.82 
1.80 
1.80 
1.76 
1.68 
1.68 
1.50 
1.45 
1.40 
1.40 
1.35 
1.32 
1.28 
1.25 
1.20 
1.20 
1.16 
1.12 

1.10 

1.06 

1.00 

0.98 

.95 

.95 

1.00 

1.00 

.95 

1.00 

1.00 

1.00 

1.00 

.05 

.95 

.95 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.95 

.96 

.96 

1.00 

1.00 

1.00 
1.32 

1.25 
""i.*25"' 

2   

8    

1.80 

4 

6   

2.20 
2.20 

2.15 
2.15 

1.20 

6       

7 

8   

1.80 
1.80 

1.20 

9   

10 

i.85' 

i.'io' 

1.20 
"i.'26"' 

11   

13 

L80 

2.10 
2.10 

2.16 

i'ii* 

13 

14            

15   

1.25 

1.20 

Ifl         

1.80 

17   

"i.'io* 
i.'io* 

1.20 

Tis" 

18 

1.80 

2.10 

X16 

19   

20 

2.10 

£1      

22   

1.M 

1.20 

28   

24 

1.M 

26 

1.25 

'i-'io' 

26 

2.16 
2.16 

2.40 
2.40 

27 

28   .           

29 

80         ff 

2.00 
2.00 

1.30 

31            
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


BLAKE   STATION  ON  GBEEN  BIYEB. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  IV, 
page  275,  is  located  at  the  crossing  of  the  Eio  Grande  Western  Rail- 
road at  Blake,  Utah.  The  elevation  of  the  top  of  the  pier,  to  which 
the  old  vertical  rod  is  attached,  is  22.00  feet  above  the  rod  datum.  The 
rod  of  the  wire  gage  is  nailed  to  the  guard  rail  on  the  lower  side  of  the 
bridge.  The  distance  from  the  end  of  the  rod  to  the  outside  edge  of 
the  pulley  wheel  is  1  foot;  from  the  end  of  the  weight  to  the  wire  index 
marker,  27.67  feet.  The  observer  is  Frank  Jiu^obs,  rancher.  The  sec- 
tion at  this  point  is  good,  the  channel  being  straight  for  some  di&tauce 
above  and  below.  The  bed  is  gravelly.  The  initial  point  for  soundings 
is  on  the  right  bank.  The  following  discharge  measurements  were 
made  in  1897  by  Cyras  O.  Babb  and  W.  B.  Dougall : 

April  21;  gage  lieight,  4.88  feet;  discharge,  8,175  aecond-feet. 
May  22,  gage  height,  10.10  feet;  discharge,  55,886  second- feet. 
November  22,  gage  height,  2.80  feet ;  discharge,  3,373  second-feet. 

Daily  gage  height,  in  feet,  of  Green  River  at  Blakey  Utah,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

6.75 

7.06 

7.40 

7.80 

8.26 

8.70 

8.90 

9.05 

9.25 

9.45 

9.65 

9.90 

9.05 

9.85 

9.25 

9.15 

9.35 

9.55 

9.75 

9.95 

10.05 

10.05 

10.05 

10.25 

10.60 

11.00 

11.25 

11.35 

11.40 

11.15 

10.95 

10.56 

10.25 

10.20 

10.00 

10.00 

9.95 

9.15 

8.60 

8.20 

7.90 

7.60 

7.50 

7.80 

7.70 

7.80 

7.70 

7.60 

6.55 
5.35 
6.15 
5.16 
6.25 
5.20 
6.00 
4.00 
4.80 
4.70 
4.60 
4.50 
4.40 
4.30 
4.20 
4.10 
i  in 

3.30 
3.30 
3.20 
3.10 
3.20 
3.30 
3.40 
3.50 
3.50 
3.40 
3.40 
3.40 
3.45 
3.50 
3.50 
3.40 
3.30 
3.15 
3.05 
2.90 
2.85 
2.70 
2.70 
2.60 
2.60 
2.60 
2.50 
2.40 
2.40 
2.40 
2.40 

2.30 
2.20 
2.20 
2.35 
2.20 
2.35 
2.40 
2.65 
2.70 
2.86 
3.25 
4.70 
4.70 
5.30 
3.70 
3.40 
3.30 
2.00 
2.80 
2.80 
2.70 
2.60 
2.50 
2.50 
2.50 
2.60 
2.65 
2.85 
3.05 
3.35 

3.95 
4.50 
4.60 
4.50 
4.30 
4.16 
4.05 
4.35 
4.55 
4.85 
4.76 
4.60 
4.60 
4.36 
4.10 
3.85 
3.80 
3.70 
8.70 
3.60 
3.60 
8.50 
3.50 
3.40 
3.50 
3.55 
8.45 
3.40 
3.40 
3.30 
3.20 

3.20 
3.20 
3.15 
3.10 
3.10 
3.00 
3.00 
3.00 
2.90 
2.00 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 

2.60 
2.60 
2.40 
2.30 
2.20 
2.10 
2.00 
1.90 
1.00 
1.90 
1.90 
1.80 
1.80 
1.70 
1.70 
1.00 
1.50 
1.40 
1.40 
1.30 
1.40 
1.30 

i.ao 

1.20 
1.10 
1.20 
1.30 
1.25 
1.35 
1.40 
1.30 

2 

3 

1.70 

*3.*70" 
3.70 
3.60 
3.75 
3.65 
3.50 
3.50 
3.60 
3.70 
3.55 
3.55 

4 

5 

6 

1.80 

2.00 

7 

8 

0 

10 

1.70 

11 

12 

13 

1.90 

u 

3.70 

15 

2.00 

3.95 
4.15 
4.35 

16 

1.80 

17 

18 

4.50 
4.60 
4.60 
4.75 
5.00 
5.45 
6.15 
6.30 
5.80 
5.70 
6.70 
5.95 
6.30 

7.50  1  4.10 

19 

7.85 
7.25 
7.10 
6.95 
6.75 
6.55 
6.85 
6.25 
6.15 
6.  .35 
5.95 
5.76 

4.00 
4.00 
3.90 
3.90 
3.80 
3.80 
3.80 
3.70 
3.60 
3.50 
3.50 
3.50 
3.40 

20 

1.90 

2.10 

21 

22 

23 

24 

1.60 

25 

26 

27 

1.95 

2.90 

28 

29 

3.90 

30 

1.60 

31 

1 
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SHOSHONS  STATION  ON  GRAND  RIVER. 

This  station  is  located  at  Shoshone,  or  Gypsum  x)ost-office,  Colorado, 
on  the  line  of  Denver  and  Eio  Grande  Ilailroad,  10  miles  east  of  Glen- 
wood  Springs,  Colorado.  The  rod  is  a  vertical  3  by  G  inch  wooden 
timber  set  3  or  4  feet  into  rock  and  well  braced.  Observations  are 
taken  by  the  station  agent,  George  Euark,  under  the  direction  of  the 
division  sux)erintendent  of  the  railroad  company.  No  discharge  meas- 
urements were  made  at  this  point  in  1897. 

Daifff  gage  heightj  in  feet,  of  Grand  River  at  Shoehaney  Colorado,  for  1897. 


!)»▼. 


1 

2 

3 

A 

5 

6 

7 

8 

» 

10 

11 

12 

18 

14 

15 

16 


May. 

June. 

July. 

4.10 

13.40 

6.55 

5.15 

13.85 

6.60 

5.70 

12.50 

•  7.00 

e.05 

10.25 

6.90 

7.15 

9.50 

6.50 

8.20 

8.60 

6.35 

8.90 

8.80 

4.85 

9.00 

7.66 

5.00 

10.10 

8.20 

6.00 

9.95 

9.55 

6.70 

9.45 

10.00 

6.70 

8.75 

10.65 

5.35 

8.60 

11.40 

4.70 

9.90 

11.60 

4.45 

9.35 

11.55 

4.40 

10.06 

11.86 

4.85 

Aug. 

Day. 

1.55 

1 
17 

1.55 

18 

1.90  , 

19 

2.50 

20 

2.70 

21 

2.95  1 

22 

2.55 

23 

2.00 

24 

2.05 

25 

1.95 

26 

1.65 

27 

1.20 

28 

1.10  ' 

29 

1.10 

30 

1.00 

31 

.90  1 

Tdhj. 

June. 

July. 

Aug. 

10.35 

11.40 

4.00 

(a) 

10.90 

10.25 

4.00 

(a) 

11.05 

9.35 

3.60 

(a) 

11.10 

9.25 

3.50 

(a) 

11.45 

9.50 

3.00 

(a) 

11.00 

9.85 

2.45 

(a) 

11.75 

9.95 

2.50 

(a) 

12.65 

9.55 

2.40 

(a) 

13.35 

8.85 

2.60 

(a) 

13.20 

8.60 

2.50 

(a) 

13.00 

9.00 

2.25 

(a) 

12.85 

8.60 

2.20 

(a) 

12.05 

7.55 

1.75 

(a) 

13.25 

7.05 

1.80 

(a) 

13.80 

•«•••■•■ 

1.60 

(a) 

a  Below  gage. 

r 

GRAND  JXTNCTION  STATION  ON   GRAND  BIVEK. 

This  station,  described  in  the  Eighteenth  Annual  Eei)ort,  Part  IV, 
page  260,  is  located  at  the  wagon  bridge  across  the  Grand  Eiver,  near 
the  pump  house  of  the  city  waterworks,  Grand  Junction,  Colorado. 
The  river  at  tbis  point  discharges  through  two  channels.  Gage  rod 
No.  1  consists  of  a  vertical  4  by  6  inch  timber,  with  1  by  6  inch  scale, 
bolted  to  the  bridge  abutment  on  right-hand  side  of  the  right  channel. 
The  12-foot  mark  is  on  a  level  with  the  top  of  the  bridge  abutment. 
The  banks  of  the  right  channel  are  both  liable  to  overflow  at  very  high 
water;  the  bed  is  of  sand,  and  the  current  very  sluggish.  The  horizon- 
tal wire  gage  No.  2  is  fastened  to  the  upper  side  of  the  bridge  over  the 
left  channel  between  marks  595  and  605  feet.  The  distance  from  the 
end  of  the  weight  to  outer  end  of  snap  is  31.80  feet.  The  bench  mark 
is  a  cross  on  iron  post  of  bridge  at  592  foot  mark,  and  is  31.0  feet  above 
datum.  The  right  bank  of  the  left  channel  is  low  and  liable  to  over- 
flow, the  left  is  high  and  rocky;  the  bed  is  sandy;  the  water  is  deep 
and  moves  with  considerable  velocity.  At  high  water  it  becomes 
necessary  to  guy  the  meter  to  a  wire  stretched  across  the  channel 
above  the  bridge  to  prevent  it  from  being  swept  down  stream  by  the 
swift  current.  The  observer  is  B.  W.  Vedder,  engineer  at  the  pumping 
station.  The  following  measurements  were  made  in  1897  by  0.  G.  Babb 
and  F.  Cogswell  in  Channel  No.  1 : 

April  20,  gage  height,  1.75  feet;  discharge,  1,157  seooiid-feet. 
May  18,  gago  height,  4.80  feet ;  discharge,  10,927  second-feet. 
Jnly  29  to  Novemher  23  the  chaunel  was  dry. 
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The  folio wiDg  measurements  were  made  in  Ohannel  No.  2: 

April  20,  gage  height,  5.60  feet;  discharge,  4,019  seoond-feet. 
May  19,  gage  height,  10.20  feet;  discharge,  21,759  second-feet. 
Jaly  29,  gage  height,  5.35  feet;  discharge,  4,044  second-feet. 
September  29,  gage  height,  4.05  feet;  discharge,  2,062  second-feet. 
October  28,  gage  height,  3.98  feet;  discharge,  1,764  second-feet. 
November  28,  gage  height,  3.90  feet ;  discharge,  1,423  second-feet. 

Dailff  gage  height,  in  feet,  of  Grand  River  at  Gage  No.  1,  Grand  Junction,  CoUtrado,  for 

1897. 


Day. 


1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 


Apr. 

May. 

Jnne. 

July. 

0.00 

2.60 

6.10 

J.  46 

.00 

2.90 

6.25 

1.25 

.00 

3.25 

4.65 

1.36 

.00 

8.50 

3.75 

1.66 

.00 

3.80 

2.85 

1.50 

.00 

4.15 

2.50 

.90 

.00 

4.36 

2.35 

.66 

.00 

4.70 

2.20 

.70 

.00 

4.90 

2.16 

.90 

.00 

4.75 

2.80 

1.15 

.00 

4.50 

3.05 

1.06 

.00 

4.35 

3.40 

1.00 

.00 

4.80 

3.70 

.60 

.00 

4.35 

4.00 

.16 

.50 

4.40 

4.10 

.00 

.70 

4.46 

4.00 

.00 

1 

Day. 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
81. 


Apr. 


1.00 
1.25 
1.66 
1.80 
1.86 
1.76 
1.60 
1.46 
1.50 
1.65 
2.15 
2.40 
2.40 
2.46 


May. 


June. 


July. 


4.66 

4.70 
4.96 
4.75 
4.60 
4.80 
4.85 
5.10 
6.36 
6.30 
6.25 
6.00 
4.90 
6.10 
6.10 


8.80 
3.40 
2.85 
2.55 
2.65 
2.76 
2.85 
2.75 
2.40 
2.10 
2.15 
2.15 
LOO 
1.66 


.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

(•) 
(«) 
(a) 
(«) 
(•) 
(a) 


a  "Dry  for  rest  of  year. 

Daily  gage  height,  in  feet,  of  Cirand  Biver  at  Gage  No.  f,  Chrand  Junction,  Colorado,  for 

1897. 


Day. 

Jan. 

Feb.- 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Kor. 

Dee. 

1 

8.60 
3.60 
3.60 
3.40 
3.45 
3.60 
8.75 
3.55 
3.60 
3.50 
3.60 
3.70 
8.60 
3.80 
3.90 
4.10 
4.55 
4.86 
5.25 
6.50 
5.65 
5.56 
5.40 
5.15 
5.20 
5.45 
6.16 
6.46 
6.50 
6.66 

6.75 

7.20 

7.65 

7.90 

8.20 

8.55 

8.75 

9.10^ 

9.45 

9.25 

9.00 

8.90 

8.70 

8.85 

8.90 

8.95 

9.10 

9.20 

10.20 

10. 10 

10.00 

10.20 

10.25 

10.60 

10.70 

10.60 

10.50 

10.20 

10.10 

10.20 

10.35 

10.30 

10.55 

10.10 

9.30 

8.40 

9.35 

9.15 

'  9.00 

8.95 

9.40 

9.75 

9.90 

10.00 

10.30 

10.35 

10.25 

9.95 

9.75 

9.40 

9.26 

9.20 

9.25 

9.85 

9.25 

9.00 

8.85 

9.05 

8.86 

8.50 

8.20 

7.95 
7.75 
7.85 
8.15 
8.06 
7.46 
7.15 
7.15 
7.45 
7.70 
7.76 
7.45 
7.05 
6.75 
6.65 
6.60 
6.60 
6.46 
6.40 
6.80 
6.15 
6.95 
6.75 
6.70 
6.60 
6.60 
6.60 
6.55 
6.85 
6.26 
6.10 

6.10 
6.15 
5.56 
5.75 
5.80 
5.90 
6.85 
6.60 
5.40 
6.40 
6.80 
6.15 
4.95 
4.90 
4.90 
4.75 
4.60 
4.65 
4.40 
4.30 
4.30 
4.20 
4.10 
4.10 
4.05 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 

4.00 
4.00 
4.00 
4.00 
4.00 
3.90 
8.90 

4.00 
4.00 
4.00 
4.00 
4.10 
4.00 

1  9A 

8.85 
8.90 
8.90 
8.90 
8.90 
4.06 
4.10 
4.10 
4.05 
4.00 
8.85 
3.80 
8.05 
4.10 
4.10 
4.00 
8.90 
8.80 
3.80 
3.80 
8.96 
8.90 
8.90 
8.90 
4.10 
4.00 
8.90 
8.80 
3.66 
8.76 

8.80 
8.90 
8.90 
3.70 

"i'ao*" 
"iio" 

'  'a.' 70' ' 

2 

2.80 

3 

8.00 

8.30 

4 

6 

6 

.00 

3.10 

3.20 

7 

8 

.00 

4. 10  !  A  1A 

9 

4.10 
4.00 
4.20 
4.20 
4.25 
4.70 
4.45 
4.25 
4.10 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
3.96 
3.90 
3.95 
4.00 
4.00 
4.00 
4.00 

4.20 
4.80 
4.20 
4.16 
4.10 
4.10 
4.10 
4.10 
4.50 
4.86 
4.16 
4.10 
4.00 
4.00 
4.00 
4.00 
4.10 
4.10 
4.00 
4.00 
8.90 
8.80 
8.80 

10 

0 

3.20 

11 

12 

3.00 

13 

3.10 

3.10 

14 

8.00 

15 

16 

3.10 

17 

3.10 

3.40 

18 

19 

20 

3.20 

3.60 

21 

22 

2.00 

23 

24 

8.00 

's.io" 

"8."6o' 

1 

26 

3.80 

"i'io" 

26 

27 

.00 

'3.00 

4.20 

28 

29 

80 

81 

.00 

1 
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PORT  CRAWFORD  STATION  ON  TJNCOMPAHORE  RIYER. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  265,  is  located  about  one-half  mile  east  of  the  depot  at  Fort  Craw- 
ford, Colorado,  at  a  wagon  bridge,  and  is  about  8  miles  above  Montrose. 
The  gage  consists  of  an  inclined  4  by  4  inch  timber,  bolted  to  the  bridge 
bent  on  the  right-hand  side  of  the  stream.  The  bench  mark  consists 
of  a  spike  driven  in  the  base  of  a  cotton  wood  post,  and  is  9.18  feet 
above  zero.  Both  banks  are  low  and  liable  to  overflow  at  high  water, 
and  the  bed  of  the  stream  is  composed  of  sand  and  gravel.  The 
observer  is  Mrs.  F.  Humphrey;  post-office,  TJncompahgre,  Colorado. 
The  following  discharge  measurements  were  made  during  1897  by  F. 
Cogswell. 

April  18,  gage  height,  3.90  feet;  discharge,  487  second-feet. 
May  10,  gage  height,  4.55  feet;  diseharge,  884  second- feet. 
Jane  21,  gage  height,  5.05  feet;  discharge,  1,081  second- feet. 
July  19,  gage  height,  4.50  feet ;  discharge,  473  second-feet. 
Angnst  23,  gage  height,  3.45  feet ;  discharge,  70  second-feet. 
September  20,  gage  height,  3.85  feet;  discharge,  153  second-feet. 
October  18,  gage  height,  4.00  feet ;  discharge,  195  second-feet. 

Daily  gage  height,  in  feet,  of  TJncompahgre  River  at  Fori  Crawford,  Colorado,  for  1897. 


Day. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

0. 
10. 
11. 
12. 
13. 
14. 
15. 
1«. 
17. 
18. 
19. 

ao. 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
81. 


Apr. 


8.15 
8.15 
2.05 
3.06 
8.20 
8.20 
3.80 
8.28 
8.25 
3.25 
3.25 
3.30 
8.82 
3.50 
3.60 
8.80 
3.90 
4.10 
4.20 
4.06 
8.95 
3.75 
3.60 
3.65 
4.10 
4.00 
4.15 
4.30 
4.30 
4.40 


May. 


4.05 
4.15 
4.25 
4.40 
4.40 
4.60 
4.50 
4.45 
4.40 
4.45 
4.20 
4.45 
4.30 
4.25 
4.85 
4.20 
4.15 
4.45 
4.40 
4.40 
4.50 
4.35 
4.45 
4.65 
4.55 
4.85 
4.90 
4.20 
6.00 
5.00 
4.95 


June. 


4.50 
4.40 
4.05 
3.96 
4.05 
4.00 
4.10 
4.65 
5.00 
6.00 
4.86 
4.80 
6.10 
5.30 
5.40 
5.35 
5.05 
5.06 
4.90 
4.95 
5.00 
5.15 
5.40 
5.20 
5.05 
5.15 
5.00 
4.55 
4.90 
5.00 


July. 


4.60 
4.60 
6.85 
4.70 
4.65 
4.65 
4.70 
4.86 
4.95 
4.85 
4.70 
4.65 
4.66 
4.60 
4.65 
4.50 
4.46 
4.60 
4.46 
4.10 
4.30 
4.45 
4.45 
4.35 
4.45 
4.15 
4.15 
4.25 
3.85 
4.00 
4.00 


Aug. 


4.00 
4.20 
4.10 
8.96 
4.15 
4.06 
4.20 
4.00 
4.00 
3.85 
3.96 
4.00 
3.85 
3.80 
8.85 
8.86 
8.75 
3.60 
8.60 
3.55 
3.50 
3.50 
3.45 
3.45 
3.40 
3.40 
3.35 
3.35 
3.40 
3.40 
3.40 


Sept. 


I 


8.86 
8.40 
3.40 
3.40 
3.46 
8.45 
3.55 
8.40 
8.00 
3.45 
3.40 
3.55 
3.85 
4.10 
4.05 
4.05 
8.85 
8.80 
3.86 
3.90 
4.06 
4.00 
8.96 
4.00 
3.96 
4.15 
4.15 
3.95 
4.05 
4.20 


Oct. 


4.35 
4.15 
4.05 
4.00 
4.00 
4.15 
4.15 
4.16 
4.06 
4.06 
4.05 
4.00 
4.00 
4.05 
4.20 
4.05 
4.00 
4.00 
4.10 
4.00 
4.00 
3.90 
3.80 
3.90 
8.90 
4.00 
3.86 
3.85 
8.85 
8.90 
3.90 


Nov. 


3.95 
3.90 
3.90 
8.90 
3.90 
3.85 
3.85 
3.80 
3.80 
3.70 
3.66 
3.70 
8.76 
8.70 
3.75 
3.80 
3.65 
3.75 
3.70 
3.65 
3.60 
3.60 
3.65 
3.66 
8.60 
3.66 
8.65 


140 


OPERATIONS   AT   RIVER   STATIONS,  1897. 


ROUBIDEAU  AND   WHITEWATER  STATIONS   ON  GUNNISON  RIVER. 


Gage  heights  at  these  stations  are  reported  daily  by  telegraph  to  the 
divisiou  saperintendent  of  the  Denver  and  Bio  Grande  Railroad  Com- 
pany at  Salida,  Colorado,  who  has  kindly  furnished  this  office  with 
copies  of  same. 

Eoubidean  station  is  at  the  railroad  bridge  at  Eoabidean,  Colorado, 
6  miles  west  of  Delta.    The  observer  is  M.  J.  Johnston,  track  foreman. 

Whitewater  station  is  located  13  miles  southeast  of  Grand  Junction 
at  Whitewater,  Colorado.  The  gage  is  a  vertical  rod  graduated  to  feet 
and  halves  and  securely  fastened  on  the  right  bank  of  the  river.  The 
observer  is  James  Page,  station  agent.  No  measurements  of  discharge 
have  been  made  at  these  stations. 

Daily  gctge  height,  in  feet,  of  Gunni9on  Jiiver  at  Boubideau,  Colorado,  for  1897, 


l)»y. 
1.. 

M*y. 

June.' 

July. 
1.60 

Aug. 

1 

Bay. 

1 

1 

May. '  Jane. 

1 

July. 

Aug. 
0.15 

Day. 
23... 

May.  'jnne. 

July. 

Aug. 

3.75 

4.65 

0.15  ' 

1 
12... 

4. 50     3. 60 

1.25 

4.50 

2.85 

0.50 

(a> 

2.. 

4.25 

5.15 

1.50 

.15  1 

13... 

4. 75     8. 85 

1.15 

.16 

24... 

4.75 

2.85 

.50 

ia) 

3.. 

4.50 

4.60 

1.75 

.15  , 

14... 

4. 75  1  4. 25 

1.15 

.15 

'  25... 

5.00 

2.76 

.25 

{a) 

4.. 

4.00 

3.75 

1.75 

.15  ' 

15... 

4. 85     4. 00 

1.00 

.15 

26... 

4.90 

2.25 

.85 

(a) 

5.. 

4.60 
5.25 

3.25 

1.50 

.15 

18... 

4. 75  1  4. 00 

.85 

.15 

27... 

4.85 

2.35 

.25 

(a) 

6.. 

2.85 

1.35 

.15 

17... 

4. 50  1  8. 75 

.85 

.15 

28... 

4.75 

2.35 

.16 

(a) 

7.. 

5.50 

2.76 

1.25 

.15 

18... 

4. 40  ,  3. 25 

.85 

.15 

!  29... 

4.40 

2.00 

.25 

(a) 

8.. 

5.75 

2.86 

1.25 

.15 

19... 

4.60  ;  2.75 

.85 

.15 

1  80... 

4.60 

1.76 

.50 

(a) 

9.. 

5.75 

3.00 

1.25 

.15 

20... 

4.50 

2.65 

.65 

(0) 

1  31... 

4.50 

.15 

(a) 

10.. 

5.50 

8.50 

1.25 

.15 

21... 

4.40 

2.86 

.65 

(a) 

11.. 

6.00 

3.60 

1.25 

.15 

22... 

4.35 

2.75 

.50 

(a) 

a  Below  gage. 
Daily  gage  height,  in  feet,  of  Gunnison  River  at  Whitewater,  Colorado,  for  1837, 


Day.     May. 

1                ■'! 
Juno.  1  July.  1     Day. 

May. 

June. 

July. 

Day. 

May.  I  Jane. 

1 

,  Julj-. 

1.... 

2.... 

3.... 

4.... 

6.... 

6.... 

7.... 

8.... 

9.... 
10.... 
11.... 

4.40 
4.00 
V85 
4.65 
4.90 
6.60 
6.90 
0.85 
6.25 
6.10 
6.76 

5.35 
5.75 
5.26 
4.50 
3.85 
3.00 
3.35 
3.15 
3.40 
3.75 
4.00 

1 
1.00 
1.00 
1.00  1 
1.00  1 
.65 
.65 
.60 
•    .40 
.35 
.36 
(a) 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

5.50 
5.00 
6.65 
5.60 
6.50 
5.40 
6.15 
5.35 
5.35 
5.00 
5.00 

4.00 
4.15 
4.35 
4.36 
4.35 
4.40 
8.75 
3.30 
3.00 
3.00 
3.00 

(a) 
(a) 
(a) 
(a) 
(o) 
(a) 
(a) 
(a) 
(«> 
(a) 
(a) 

23 

24 

25 

26 

27 

28 

29 

30 

,81 

5.00 
5.25 
5.60 
5.60 
5.60 
6.50 
5.15 
5.15 
5.35 

3.00 
.     3.00 
3.00 
2.75 
2.35 
2.55 
2.50 
1.60 

(a) 
(«) 
(a) 
(•) 
(a) 
(«) 
(a) 

(o) 
(«) 

a  Below  gage. 
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OBAND  JUNCTION  STATION  ON  GUNNISON  BIYBR. 

This  station  is  located  at  the  iron  highway  bridge  1.5  miles  from  the 
town  of  Grand  Janction,  Colorado.  The  gage  is  vertical  and  consists 
of  a  2  by  6  inch  timber  bolted  to  the  stone  pier  of  the  bridge.  The  top 
of  the  capstone  is  17.60  feet  above  gage  datum.  The  channel  above 
the  station  is  curved,  bat  below  it  is  nearly  straight.  The  right  bank 
is  low  and  liable  to  overflow,  but  the  left  is  high  and  rocky  with  still 
water  at  low  stages.  The  observer  is  A.  Lindquist,  engiueman  at  the 
Denver  and  Bio  Orande  Railroad  Company's  pnmp  house.  The  follow- 
ing discharge  measurements  were  made  in  1897  by  Cyrus  O.  Babb  and 
F.  Cogswell: 

April  20;  gage  height,  4.60  feet;  discharge,  5,975  second-feet. 
May  20,  gage  height,  7.30  feet;  discharge,  16,644  second- feet. 
Jnly  28,  gage  height,  2.65  feet ;  discharge,  1,814  second- feet. 
September  28,  gage  height,  2.40  feet;  discharge,  1,246  second-feet. 
October  27,  gage  height,  2.50  feet;  discharge,  1,270  second-feet. 
November  23,  gage  height,  2.30  feet ;  discharge,  828  second-feet. 

Dailjf  gage  heightj  in  feet,  of  CrunnUon  Biver  at  Grand  Junction,  Colorado,  for  1897. 


Day. 

M»y. 

June. 

July. 

4.10 
4.00 
4.10 
4.40 
4.80 
4.10 
4.00 
4.00 
4.00 
4.30 
4.20 
4.00 
8.70 
3.60 
3.80 
8.30 
8.20 
3.20 
8.20 
3.20 
8.10 
8.00 
8.00 
2.90 
2.90 
2.90 
2.80 
2.70 
2.70 
2.70 
2.60 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

7.50 
7.90 
7.30 
6.70 
5.90 
5.70 
5.50 
5.40 
5.50 
6.00 
6.40 
6.60 
6.40 
6.70 
6.70 
6.70 
6.60 
6.00 
5.60 
5.40 
5.40 
5.40 
5.50 
5.50 
5.80 
5.20 
5.00 
4.90 
4.70 
4.40 

2.60 
2.60 
2.60 
2.80 
2.80 
2.80 
2.70 
2.60 
2.70 
2.70 
•    2.60 
2.50 
2.40 
2.30 
2.20 
2.20 
2.20 
2.10 
2.00 
2.00 
2.00 
1.90 
1.80 
1.70 
1.60 
1.60 
1.60 
1.50 
1.60 
1.60 
1.60 

1.00 
1.60 
1.60 
1.50 
1.50 
1.60 
1.70 
1.70 
1.70 
1.70 
1.80 
1.80 
1.90 
2.00 
2.20 
2.20 
2.10 
2.10 
2.00 
2.00 
1.00 
2.00 
2.20 
2.20 
2.10 
2.10 
2.20 
2.30 
2.40 
2.60 

2.60 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.50 
2.50 
2.70 
2.90 
2.80 
2.70 
2.60 
2.60 
2.70 
2.90 
2.80 
2.70 
2.70 
2.70 
2.00 
2.60 
2.60 
2.50 
2.50 
2.40 
2.40 
2.40 
2.30 
2.40 

2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.20 
2.10 
1.90 
2.10 
2.20 
2.40 
2.40 
2.30 
2.30 
2.10 
2.00 
2.10 
2.20 
2.10 
2.10 
2.30 
2.30 
2.20 
2.20 
2.00 
1.70 
1.60 

1.70 
1.90 
2.20 
2.10 

2 

6.10 
6.80 
6.90 
6.80 
7.30 
7.70 
8.10 
8.3C 
a  10 
7.80 
7.40 
7.30 
7.40 
7.50 
7.60 
7.50 
7.10 
7.30 
7.40 
7.00 
7.00 
7.00 
7.30 
7.80 
7.60 
7.50 
7.60 
7.00 
7.80 
7.30 

3 

4 

6 

8 

7 

8 

9 

10 

11 

12 

18 

u 

16 

16 

17 

18 

19 

ao 

21 

22 

28 

24 

25.  

26 

27 

28 

29 

90 

31 
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FALL  GREEK  STATION  ON  SAN  MIGUEL  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  IV, 
page  264,  is  located  aboat  300  yards  soathwest  of  Fall  Creek,  Col- 
orado, a  station  on  the  Bio  Grande  Southern  Railroad.  Discharge 
measurements  are  made  from  the  wagon  bridge.  The  gage  is  vertical, 
4  inches  square,  and  is  spiked  to  the  west  side  of  the  north  abutment. 
One  bench  mark  is  a  bolthead  in  the  north  end  of  the  west  truss,  1 
foot  from  the  gage.  It  is  11.15  feet  above  the  gage  zero.  The  second 
bench  mark  is  a  spike  driven  into  a  tree  200  feet  northwest.  This  is 
8.65  feet  above  the  zero.  As  the  channel  at  this  point  is  nearly  straight 
and  the  banks  rarely  overflow,  the  section  is  a  desirable  one  for  measure- 
ments. Fall  Creek  empties  into  the  San  Miguel  about  200  feet  below 
the  gage.  The  observer  is  Mrs.  H.  H.  Hart;  post-office  address,  Sawpit, 
Colorado.  The  following  is  a  list  of  discharge  measurements  made  in 
1897byF.  CogsweU: 

April  20,  gage  height,  3.40  feet;  discharge,  304  second- feet. 
May  11,  gage  height,  4.05  feet;  discharge,  572  second-feet. 
Jane  22,  gage  height,  4.45  feet;  discharge,  811  second-feet. 
July  20,  gage  height,  3.45  feet;  discharge,  336  second-feet. 
Angnst  24,  gage  height,  2.85  feet;  discharge,  145  second-feet. 
September  21,  gage  height,  3.30  ieet;  discharge,  248  second-feet. 
October  19,  gage  height,  3.05  feet ;  discharge,  197  second-feet. 

Dailif  gage  height^  in  feet,  of  San  Migtiel  Biver  at 'Fall  Creek,  Colorado,  far  1897, 


Day. 

Apr. 

2.45 
2.35 
2.35 
2.25 
2.55 
2.55 
2.55 
2.60 
2.65 
2.80 
2.75 
2.70 
2.80 
2.00 
3.05 
8.25 
3.85 
3.60 
3.55 
3.55 
3.50 
3.25 
8.25 
3.35 
3.55 
3.70 
8.80 
3.65 
3.60 
8.56 

May. 

June. 

July. 

An^. 

Sept. 

Oct. 

Kov. 

1 

3.70 
3.75 
8.75 
3.66 
3.75 
3.86 
8.95 
4.10 
i.00 
4.10 
4.00 
4.00 
4.10 
4.15 
4.10 
4.15 
4.05 
4.20 
4.20 
4.05 
4.05 
4.05 
4.25 
4.40 
4.50 
4.65 
4.65 
4.40 
4.60 
4.55 
4.50 

4.60 
4.50 
4.10 
8.06 
4.10 
4.10 
4.30 
4.46 
4.66 
4.66 
4.40 
4.45 
4.50 
4.55 
4.65 
4.70 
4.40 
1.40 
4.40 
4.25 
4.46 
4.50 
4.50 
4.45 
4.46 
4.50 
4.20 
8.96 
4.00 
4.05 

4.06 
4.06 
4.15 
8.90 
8.70 
8.60 
8.66 
3.90 
3.85 
8.80 
8.85 
3.80 
8.80 
8.80 
3.76 
3.70 
8.66 
8.60 
3.66 
8.60 
3.25 
8.25 
8.80 
8.46 
8.46 
8.46 
8.40 
8.80 
8.30 
8.30 
8.35 

3.30 
3.40 
8.40 
3.35 
3.25 
3.20 
3.20 
3.20 
3.15 
B.10 
8.10 
8.00 
3.00 
8.00 
3.05 
3.05 
8.00 
8.00 
8.00 
2.00 
2.85 
2.80 
2.75 
2.75 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.75 

2.80 
2.86 
8.16 
8.00 
2.05 
2.90 
2.00 
8.16 
8.10 
3.00 
8.00 
8.00 
8.05 
3.45 
8.85 
3.30 
3.20 
8.15 
3.10 
8.20 
3.80 
8.85 
8.20 
8.20 
3.25 
8.25 
8.20 
8.25 
8.30 
8.30 

8.85 
8.25 
8.16 
3.10 
8.05 
8.00 
8.20 
8.10 
8.16 
8.16 
8.10 
8.10 
8.10 
8.06 
8.06 
8.16 
8.15 
8.00 
8.06 
8.00 
8.00 
2.06 
2.^ 
2.80 
2.05 
2.86 
2.85 
2.75 
2.75 
2L80 
2.86 

2.80 

2 

2.80 
2.75 
2.75 
2.75 
2.70 
2.66 
2.50 
2.50 
2.55 
2.65 
^70 
2.70 
2.75 
2.75 
2L60 
2.55 
2.60 
2.55 
2.60 
2.56 
2.50 
2.50 
2.50 
2L60 
2.40 
2.40 
2.45 
2.40 
2.85 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

U 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

30 

31 
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DOLORES  STATION  ON  DOLORES  RIVER. 

This  station,  described  in  the  Eighteenth  Annnal  Beport,  Part  lY, 
page  261,  is  located  aboat  one-half  mile  above  the  railroad  depot  at 
Dolores,  Oolorado.  The  gage  consists  of  a  vertical  2  by  6  inch  plank, 
bolted  to  the  abutment  of  a  footbridge,  on  the  left  side  of  tlie  river. 
The  bench  mark  consists  of  a  nail  driven  in  the  base  of  a  cotton  wood 
tree  18  feet  southwesterly  from  the  gage,  and  it  is  15.60  feet  above 
datnm.  The  observer  is  Mrs.  Mary  D.  Smith.  The  following  discharge 
measurements  were  made  in  1897  by  F.  Cogswell: 

April  21,  gage  height,  5.10  feet;  dlBoharge,  2,133  second-feet. 
May  12,  gage  height,  5.16  feet;  discharge,  2,216  second- feet. 
June  23,  gage  height,  4.20  feet;  discharge,  1,069  second-feet. 
Jnly  21,  gage  height,  3.00  feet;  discharge,  273  second-feet. 
Angnst  25,  gage  height,  2.65  feet;  discharge,  92  second-feet. 
September  22,  gage  height,  3.32  feet;  discharge,  404  second- feet. 
October  20,  gage  height,  3.25  feet;  discharge,  330  second-feet. 

Daily  gttge  height,  in  feet,  of  Dolores  Biver  at  Dolores,  Colorado,  for  1897, 


Dmj. 

Apr. 

May. 

JoDe. 

Jnly. 

Ang. 

Sept. 

Oct. 

Not. 

I ,,, 

8.00 
8.00 
8.06 
8.25 
8.86 
8.85 
8.85 
8.35 
3.50 
8.75 
4.10 
4.15 
4.45 
4.70 
6.05 
5.15 
5.40 
5.95 
5.85 
6.40 
5.15 
4.85 
4.75 
4.70 
5.15 
5.60 
5.80 
5.05 
5.20 
6.15 

6.16 
6.40 
6.45 
6.36 
6.46 
6.45 
6.50 
6.00 
6.85 
6.00 
5.40 
5.20 
5.45 
6.50 
6.45 
5.20 
5.10 
6.35 
5.65 
6.75 
6.66 
5.40 
5.40 
6.70 
5.80 
5.65 
6.76 
5.05 
5.85 
5.00 
5.45 

6.55 
5.40 
4.85 
4.75 
4.80 
4.76 
4.&? 
4.95 
4.80 
6.15 
4.85 
6.35 
4.05 
4.80 
4.80 
4.75 
4.50 
4.40 
4.25 
4.26 
4.25 
4.25 
4.20 
4.05 
8.05 
3.05 
8.80 
8.70 
3.05 
8.55 

8.60 
8.56 
3.65 
3.55 
3.40 
8.40 
3.40 
3.40 
3.50 
3.40 
8.30 
3.30 
3.30 
3.20 
8.20 
3.30 
3.30 
8.20 
8.15 
8.00 
3.00 
8.00 
3.20 
3.10 
3.10 
8.05 
3.00 
8.00 
2.05 
2.05 
2.90 

8.90 
S.90 
8.00 
8.00 
8.00 
2.96 
2.90 
2.90 
2.90 
2.90 
2.85 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.00 

2160 
&00 
2.86 
2.80 
8.80 
8.80 
8.80 
8.90 
8.26 
3.15 
3.05 
3.20 
3.20 
3.35 
3.25 
3.15 
3.10 
3.00 
2.05 
3.10 
3.40 
3.40 
3.20 
8.25 
3.40 
3.45 
8.46 
8.85 
8.45 
3.40 

8.86 
8.60 
8.60 
8.66 

8.40 
8.80 
8.30 
8.45 
8.55 
8.45 
8.40 
8.80 
3.30 
3.80 
3.30 
3.30 
8.30 
8.30 
3.80 
3.20 
3.20 
3.20 
3.20 
8.20 
3.20 
3.10 
3.10 
3.10 
8.00 
8.00 
3.00 

8.00 
3.00 
3.00 
8.00 
8.00 
2.90 
2.90 
2.85 
2.85 
3.05 
2.95 
2.05 
2.90 
2.90 
2.85 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.70 

2 

8 

4 

5 

e 

7 

8 

9 

10 

11 

12 

18 

14 

16 

18 

17 

18 

19 

20 

21 

22 

28 

24 

25 

28 

87 

28 

29 

80 

81 
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ABBOLES  STATION  ON  SAN  JUAN  RIVER. 

This  station,  described  in  the  Eighteenth  Ahnaal  Report,  Part  IV, 
page  279,  is  located  at  a  foot  bridge  about  1,000  feet  below  the  Denver 
and  Eio  Grande  Railroad  depot  at  Arboles,  Colorado,  and  is  above  the 
month  of  the  Piedra  River.  The  gage  consist-s  of  two  inclined  4  by  4 
inch  timbers  marked  to  vertical  tenths  of  a  foot,  the  space  between 
marks  being  0.131  of  a  foot,  and  it  is  bolted  to  the  rocky  bank  on  the 
righthand  side  of  the  river.  The  left  bank  is  low  and  liable  to  over- 
flow, the  right  is  high  and  rocky;  the  current  is  sluggish,  and  the  bed 
sandy  and  shifting.  Discharge  measurements  are  made  during  high 
water  at  the  footbridge,  and  at  low  stages  about  1,300  feet  below  the 
gage,  where  the  bed  of  the  stream  is  composed  of  small  stones  and  is 
less  liable  to  change,  and  the  current  is  swift.  The  observer  is  T.  F. 
Burke,  section  foreman.  The  following  discharge  measurements  have 
been  made  in  1897  by  F.  Cogswell: 

April  25;  gage  height,  8.30  feet;  discharge,  2,753  socoud-feet. 
May  16,  gage  height,  8.80  feet;  discharge,  3,316  second  feet. 
June  27,  gage  height,  7.60  feet;  discharge,  1,604  second-feet. 
July  25,  gage  height,  6.50  feet;  discharge,  446  seoond-feet. 
August  29,  gage  height,  5.80  feet ;  discharge,  209  second-feet. 
September 26,  gage  height,  8.00  feet;  discharge  2,048  second-feet. 
October  24,  gage  height,  6.90  feet ;  discharge,  795  second-feet. 

Daily  gage  height,  infect,  of  San  Juan  Biver  at  Arhole;  Chlarado,  for  1897, 


Day. 


1 

6.50 

2 

6.80 

3 

6.60 

4 

6.75 

5 

6.95 

6 

7.45 

7 

7.85 

8 

7.25 

9 

7.20 

10 

7.26 

11 

7.85 

12 

7.65 

13 

7.75 

14 

7.80 

15 

8.10 

16 

8.20 

17 

8.60 

18 

8.00 

19 

8.90 

20 

8.50 

21 

8.45 

22 

8.10 

23 

7.70 

24 

7.86 

25 

8.16 

26 

8.35 

27 

8.75 

28 

8.20 

29 

8.10 

30 

8.10 

31 

Apr. 


May.  I  Juno. 


8.20 
8.40 
8.45 
8.60 
9.05 
8.50 
8.63 
8.70 
8.85 
8.90 
8.55 
8.60 
8.70 
8.75 
8.60 
8.75 
8.65 
8.85 
9.20 
9.55 
9.06 
8.76 
8.96 
9.20 
9.20 
9.30 
9.35 
9.05 
9.10 
9.00 
9.05 


9.10 
8.85 
8.36 
8.10 
8.05 
8.10 
8.26 
8.50 
8.60 
8.60 
8.76 
8.60 
8.40 
8.40 
8.36 
8.40 
8.16 
7.85 
7.80 
7.90 
7.86 
7.96 
7.96 
7.76 
7.60 
7.70 
7.65 
7.66 
7.40 
7.20 


July. 


7.26 
7.30 
7.46 
7.40 
7.10 
7.05 
6.90 
6.96 
7.05 
7.10 
7.05 
6.90 
6.90 
6.70 
6.70 
6.70 
6.70 
6.75 
6.60 
6.60 
6.50 
6.50 
6.75 
6.65 
6.50 
6.40 
6.40 
6.30 
6.80 
6.25 
6.20 


Aug. 


6.20 
6.20 
6.30 
6.30 
6.35 
6.25 
6.20 
6.20 
6.20 
6.30 
6.20 
6.10 
6.10 
6.15 
6.10 
6.15 
6.36 
6.16 
6.10 
6.06 
6.00 
6.00 
6.00 
6.00 
5.90 
6.90 
5.90 
5.90 
6.80 
5.80 
6.70 


Sept. 


6.70 
5.70 
6.50 
5.90 
6.00 
6.65 
7.00 
6.40 
6.80 
6.50 
6.45 
7.90 
6.95 
7.15 
6.65 
6.60 
6.40 
6.40 
6.30 
6.30 
6.60 
6.46 
6.40 
6.40 
7.10 
7.66 
7.06 
6.90 
6.70 
6.56 


Oct. 


6.50 

6.50 

6.66 

7.50 

7.35 

7.10 

7.06 

7.16 

8.05 

7.90 

7.70 

7.66 

7.40 

7.20 

7.60 

7.60 

7.60 

7.40 

7.36 

7.20 

7.06-i 

6.96 

6.90 

6.90 

6.86 

6.80 

6.80 

6.70 

6.70 

6.60 

6.60 


Not. 


6.60 
&50 
6.50 
6.60 
6.60 
6.60 
6.60 
6.40 
6.40 
6.40 
6.40 
6.40 
e.40 
6.35 
6.30 
6.30 
6.30 
6.30 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.15 
6.10 
6.10 
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ABBOLES  STATION   ON  PIEBRA  BIYEB. 

This  station,  described  in  .the  Eighteenth  Annaal  Report,  Part  lY, 
page  281,  is  located  at  the  railroad  bridge  across  the  Piedra  Biver, 
about  one-half  mile  from  the  Denver  and  Bio  Grande  Bailroad  depot  at 
Arboles,  Colorado.  The  Piedra  empties  into  the  San  Juan  a  short  dis- 
tance below  this  point.  The  gage  is  bolted  to  the  stone  abutment  of 
the  railroad  bridge  on  the  right-hand  side  of  the  stream,  and  consists 
of  a  vertical  4  by  4  inch  timber.  A  cross  cut  in  the  top  of  the  abutment 
in  the  southeast  corner  of  bridge  402 A  is  14.88  feet  above  gage  zero. 
The  banks  are  both  high,  the  current  is  swift,  the  bed  is  composed  of 
small  stones,  and  the  cross  section  does  not  change  materially.  The 
observer  is  T.  F.  Burke.  The  following  discharge  measurements  were 
made  in  1897  by  F.  Cogswell : 

April  24,  gage  height,  5.20  feet;  discharge,  1,429  second-feet. 
May  15,  gage  height,  5.65  feet ;  discharge,  1,629  second- feet. 
June  26,  gage  height,  4.20  feet;  discharge,  677  second- feet. 
July  24,  gage  height,  3.10  feet;  discharge,  230  second-feet. 
August  2S,  gage  height,  2.60  feet;  discharge,  65  second-feet. 
Septemher  25,  gage  height,  4.15  feet;  discharge,  675  second-feet. 
October  23,  gage  height,  4.00  feet;  discharge,  586  second-feet. 

Daily  g<kge  height,  in  feet,  of  Piedra  Biver  at  ArholeSy  Colorado,  for  1897. 


I. 
2. 
3. 

4. 

5- 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


Apr. 

M*7. 

June. 

Jnly. 

3.45 

5.80 

6.15 

3.70 

3.75 

6.10 

5.85 

3.75 

3.55 

6.06 

6.35 

4.00 

3.65 

6.40 

5.10 

3.90 

4.20 

6.45 

6.05 

3.70 

4.45 

6.60 

5.05 

3.60 

4.95 

6.65 

5.25 

8.50 

4.60 

6.60 

6.40 

3.50 

4.80 

6.25 

5.35 

3.45 

4.90 

6.25 

5.45 

8.60 

5.45 

5.90 

5.35 

3.50 

5.45 

6.75 

5.30 

3.50 

5.55 

6.95 

6.15 

8.40 

6.66 

5.95 

6.20 

3.30 

6.00 

5.75 

6.15 

3.26 

6.00 

5.80 

5.30 

3.30 

6.20 

6.65 

5.00 

8.26 

6.35 

5.95 

4.70 

3.20 

6.85 

6.10 

4.65 

3.20 

6.00 

6.15 

4.70 

3.10 

6.05 

5.95 

4.60 

3.00 

6.70 

5.80 

4.60 

3.00 

6.50 

6.90 

4.55 

3.05 

6.30 

6.35 

4.45 

3.10 

6.50 

6.40 

4.25 

3.00 

6.60 

6.40 

4.25 

3.00 

6.00 

6.35 

4.20 

3.00 

6.65 

6.05 

4.05 

2.90 

6.70 

6.15 

3.90 

2.90 

5.80 

6.00 

3.80 

2.90 

6.05 

2.90 
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DURANaO  STATION  ON  ANIMAS  RITER. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  283,  is  located  aboat  200  yards  west  of  the  railroad  station  at 
Dnrango,  Colorado,  at  the  wagon  bridge  crossing  Animas  Biver,  200 
feet  above  the  Rio  Grande  Southern  Railroad  Bridge.  The  observer  is 
George  Robertson,  a  miller  at  Dnrango.  The  gage  is  spiked  to  the 
west  side  of  the  south  end  of  the  middle  pier  of  the  wagon  bridge. 
The  head  of  a  bolt  at  the  east  abutment  of  the  railroad  bridge  is  17.24 
feet  above  gage  datum*  The  banks  are  high  and  rocky  and  the  section 
is  excellent  for  obtaining  accurate  measurements  of  discharge.  Light- 
ner  Creek  enters  Animas  River  from  the  right  about  100  feet  below  the 
wagon  bridge  and  between  it  and  the  railroad  bridge.  The  following 
discharge  measurements  were  made  in  1897  by  F.  Cogswell: 

April  23,  gage  height,  7.75  feet;  discharge,  2,176  seoond-feet. 
May  14,  gage  height,  9.20  feet;  discharge,  4,786  second- feet. 
June  25,  gage  height,  7  85  feet;  discharge,  2,534  second-feet. 
July  23,  gage  height,  6.10  feet;  discharge,  997  second-feet. 
August  27,  gage  height,  5.10  feet;  discharge,  328  second-feet. 
September  24,  gage  height,  6.05  feet;  discharge,  905  second-foet. 
October  22,  gage  height,  6.50  feet;  discharge,  1,121  second-feet. 

Daily  gage  height,  in  feet,  of  Animas  Biver  at  Durango,  Colorado,  for  1897, 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
U. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
31. 


Jan. 


5.10 
5.20 


5.20 


5.00 


5.00 


4.00 

5.'6o' 

6.30' 

6.' 66* 
5.'66' 


Feb. 


5.00 


4.90 


5.00 


5.10 


5.00 

i'w 

5.'66' 
'5.16" 


Mar. 


5.10 


5.00 


5.10 


5.00 


5.10 
5.'26" 

5.56' 

6.'66' 


Apr. 


5.75 
5.80 
5.75 
6.20 
6.20 
7.10 
7.30 
7.40 
7.40 
7.75 
7.80 
7.55 
7.75 
8.00 
8.60 
8.80 
8.95 
9.00 
9.20 
8.50 
8.30 
7.90 
7.65 
7.50 
8.35 
8.65 
8.90 
8.35 
8.50 
8.60 


May. 


8.75 
8.85 
8.70 
8.55 
8.50 
8.80 
9.20 
9.50 
9.45 
9.30 
8.00 
8.70 
8.95 
9.20 
8.95 
8.95 
8.60 
9.05 
9.15 
9.00 
8.70 
8.70 
9.25 
9.60 
9.75 
9.66 
9.55 
8.85 
9.25 
9.35 
9.25 


June.' July 


9.40 
8.85 
8.15 
7.00 
8.10 
8.25 
8.40 
8.90 
8.95 
9.10 
8.60 
8.60 
8.55 
8.90 
8.95 
9.05 
8.45 
8.05 
7.95 
8.10 
8.80 
8.30 
8.40 
8.10 
7.75 
8  00 
8  05 
7.50 
7.30 
7.15 


7.15 
7.00 
7.00 
6.80 
6.50 
6.66 
6.85 
6.85 
7.00 
6.95 
6.85 
6.75 
6.55 
6.45 
6.45 
6.45 
6.86 
6.25 
6.16 
6.05 
6.00 
6.00 
6.05 
6.05 
6.00 
5.90 
5.90 
5.80 
5.80 
5  75 
5.70 


Aug. 


5.70 
5.75 
5.75 
5.75 
5.90 
5.80 
5.80 
5.70 
5.70 
5.65 
5.60 
5.60 
5  60 
5.55 
5.50 
5.50 
5.50 
5.50 
5.45 
5.40 
5.40 
5.35 
5.80 
5.25 
5.20 
5.20 
5.10 
5.10 
5.10 
5.10 
5.10 


Sept. 


5.10 
5.00 
5.60 
5.70 
5.65 
5.60 
5.60 
5.70 
6.25 
5.95 
5.96 
6.55 
6.55 
6.70 
6.60 
6.20 
6.00 
5.95 
5.85 
5.80 
6.30 
6.25 
6.15 
6.05 
6.25 
6.50 
6.40 
6.25 
6.30 
6.30 


Oct. 


6.35 
6.76 
7.06 
7.15 
7.06 
6.85 
6.70 
6.80 
7.65 
7.45 
7.25 
7.15 
7.06 
6.06 
7.55 
7.26 
7.06 
6.85 
6.75 
6.65 
6.55 
6.50 
6.40 
6.80 
6.30 
6.20 
6.10 
6.00 
6.00 
5.95 
5.90 


Nov. 


Dec 


5.80 

6.20 

5.80 

5.20 

6.80 

5.20 

5.70 

6.15 

6.70 

6.70 

5.80 

5.70 

5.60 

5.60 

6.60 

6.60 

6.10 

6.60 

5.50 

5.50 

5.30 

5.60 

5.50 

6.50 

5.40 

5.26 

5.40 

5.40 

5.40 

5.80 

5.40 

5.45 

5.40 

5.10 

5.40 

5.40 

5.85 

5.30 

5.26 

5.25 

••■••••• 

5.20 

5.50 
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BUTTES  STATION  ON  GILA  RIYER. 

This  station,  described  in  the  Eighteenth  Annaal  Report,  Part  lY, 
page  286,  is  located  at  the  buttes  IG  miles  above  Florence,  Arizona. 
This  gage  is  bolted  to  a  solid  rock  on  the  right  bank,  where  the  river 
emerges  from  the  lower  end  of  the  gorge.  Measurements  are  made 
from  a  car  suspended  from  a  cable,  a  short  distance  above  the  gage. 
Owing  to  the  shifting  character  of  the  bottom,  it  was  necessary  to  make 
a  large  number  of  discharge  measurements  and  the  following  were  made 
by  W.  J.  Brash  and  A.  T.  Colton  in  1897 : 


Dai». 

GMre 
height. 

Din- 
ohMge. 

Bmte. 

GiMse 
height. 

Dift. 
charge. 

Date. 

Gage 
hei^t. 

Dis- 
charge. 

See.  ft. 

Feet. 

Sec  ft. 

Feet. 

Sec.  ft. 

Feet. 

Jan.  1 

2.30 

445 

1  Feb.26.... 

2.60 

646 

May  28... 

1.65 

94 

Jan.  5 

2.25 

413 

Mar.  2 

2.50 

593 

j  Jnne  10  . . 

1.50 

72 

Jan.  8 

2.24 

377 

1 

Mar.5 

2.52 

614 

June  30.. 

1.30 

20 

Jan.  12... 

2.90 

853  . 

Mar.  9 

2.60 

687 

July  11... 

3.00 

726 

Jan.  14 ... 

3.10 

846  1 

Mar.  12 

2.48 

568 

July  27... 

1.93 

173 

Jan.  15 . . . 

3.80 

1,891 

Mar.  16 

2.45 

585 

Aug.  11... 

2.25 

365 

Jan.  16... 

5.30 

3,895 

Mar.  20.... 

2.58 

681 

Aug.  14... 

4.70 

3,181 

Jan.  18... 

4.60 

3,085 

Mar.23.... 

2.90 

1,010 

Aug.  31... 

1.90 

246 

Jan.  22... 

3.40 

1,446 

Mar.  26.... 

2.74 

833 

Sept.  8... 

6.75 

5,588 

Jan.  26... 

3.05 

1,045 

Mar.  31 

2.78 

837 

Sept.  13.. 

3.50 

1,946 

Jan.  29  . . . 

2.85 

912 

Apr.8 

2.54 

675 

Sept.  15.. 

5.30 

4,950 

Feb.l.... 

3.50 

1,530 

Apr.  14 

2.70 

797  ! 

Sept.  23.. 

3.75 

2,099 

Feb.5.... 

3.20 

1,123 

Apr.20.... 

2.60 

757 

Sept.  28.. 

3.70 

2,068 

Feb.  10 . . . 

2.85 

926 

Apr.28.... 

2.43 

516 

Oct.  10 . . . 

2.65 

868 

Feb.  13... 

2.71 

840 

May  6 

2.22 

318 

1 

Oct.  24... 

2.23 

601 

Feb.  16... 

2.54 

700 

May  14.... 

1.96 

188 

• 

Feb.  22... 

2.82 

808 

May  20.... 

1.80 

• 

134' 
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Daily  gage  height^  in. 

feet,  of  Gila  Biver  at  the  Buttes^  Arizona,  for  18S7, 

Day. 

Jan. 

2.30 
2.30 
9  26 
2.26 
2.25 
2.25 
2.24 
2.24 
2.24 
2.23 
3.28 

Feb. 

3.50 
3.40 
3.30 
3.25 
3.20 
3.10 
8.00 
2.95 
2.90 
2.85 
2.80 
2.73 
2.71 
2.70 
2.62 
2.54 
2.50 
2.47 
2.45 
2  50 

Mftr. 

Apr. 

May. 

•Tune. 

Jnly.^ 

Aug. 

2.40 
2.40 
2.20 
2.80 
2.60 

Sept 

Oct. 

1 

2.57 
2.50 
2.52 
2.64 
2.52 
2.52 
2.70 
2.62 
2.60 
2.60 
2.50 
2.48 
2.48 
2.50 
2.40 
2.46 
2.46 
2.50 
2.53 
2.5A 

2.75 
2.70 
2.68 
2.66 

"2.36* 

1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.55 
1.50 
1.50 

1.30 
1.30 
L30 
1.30 
1.30 
1.30 

1.80 
1.80 
1.80 
1.76 
1.72 
1.73 
1.83 
7.00 
4.40 
3.80 
4.90 
4.20 
3.60 
4.00 
5.30 
5.10 
4.60 
5.40 
4.80 
3.85 
4.60 
4.20 
3.75 
3.70 
3.65 
3.75 
3.70 
3  70 
3.56 
3.25 

8.10 
2.97 
2.90 
2.80 
2.(B 
2.60 
2.58 
2.55 
2.47 

2 

3 

4 

5 

6 

2.67 

2.22 

7 

1.30     2.30 
1. 20     3.  no 

8 

2.64 

2.17 

9 

1.20 
4.10 
3.00 
4.00 
3.40 

3  (N) 

2.30 
2.20 
2.20 
2.20 
6.30 
4.70 
4.70 
4.80 
2.90 
2.70 
2.40 
2.30 
2.30 
2.60 
2.40 
2.20 
2.20 
2.10 
2.10 
2.00 
2.00 
1.90 
1.90 

10 

2.60 

2.10 

11 

12 

2.00 
3.87 
3. 10 

2.67 

i'io 

2.05 

13 

u 

15 

3.45 
5.30 
5.60 
4.60 
4.10 
8.90 
3.70 
3.40 
3.30 
8.26 
3.15 
8.05 
3.00 
2.90 
2.85 
8.25 
3.17 

1.50     2.50 
1. 50     2. 00 
1. 50     2. 20 
1. 60     2. 10 
1.50     3-00 

16 

2.70 

1.91 

18 

2.70 

1.88 

20 

2.65 

1.80 

1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.30 
1.80 
1.30 
1.30 
1.30 

3.50 
2.50 
8.00 
3.00 
2.50 
2.00 
2.20 
2.10 
2.50 
2.00 
2.00 
2.00 

2.96     2.71 

22 

2.85 
2.80 
2.79 
2.65 
2.60 
2.58 
2.58 

2.83 
2.90 
2.90 
2.90 
2.74 
2.72 
2.70 
2.73 
2.85 
2.78 

2.59 

1.77 

23 

24 

2.65 

1.70 

26 

26 

2.50 

1.68 

28 

2.43 

1.65 

29 

30 

2.40 

31 

MCDOWELL,  STATION  ON  SALT  BIYEB. 

This  station  is  located  |  mile  above  the  mouth  of  the  Yerde  Eiver 
aud  35  miles  northeast  of  Phcenix,  Arizona,  and  was  established  April 
20, 1897.  The  gage  consists  of  2  by  6  inch  scantling,  bolted  to  rocks  on 
south  side  of  river  about  300  feet  above  the  cable.  The  bench  mark  is 
a  nail  in  polyverde  tree  about  75  feet  west  of  north  cable  anchorage, 
and  it  is  17.33  feet  above  gage  zero.  The  observer  is  B.  Yalasco.  The 
following  is  a  list  of  discharge  measurements  made  in  1897  by  W.  A. 
Farish  and  others : 


Date. 

Gage 
height. 

Dis- 
charge. 

Date. 

Gage 
height. 

Dis- 
charge. 

Date. 

Gage 
height. 

Dis- 
charge. 

Feet. 

See.  ft. 

Feet. 

fiee.ft. 

Feet. 

Sec.JU 

Apr.  21... 

13.30 

4,085 

May  29.... 

10.40 

715 

Jnne  30.. 

9.55 

217 

Apr.  25... 

12.50 

2, 913  , 

Jnne  1 

10.35 

647 

July  10.. 

9.50 

169 

Apr.  28... 

12.10 

2,290  1 

June  3 

10.30 

606 

July  19  . . 

9.55 

198 

Apr.  30... 

12.00 

2,035  ' 

June  5 

10.23 

569 

Ang.  15  . . 

10.10 

373 

May  4.... 

11.55 

1,639 

June  8 

10.09 

476 

Aug.  29  .. 

10.15 

403 

May  8.... 

11.33 

1,563  1 

June  10  . . . 

10.00 

456 

Sept.  13.. 

11.35 

733 

May  11... 

11.20 

1,385  1 

June  12  . . . 

9.95 

430 

Sept.  26.. 

11.45 

1,068 

May  15... 

10.94 

1,223  \ 

Jnne  15  ... 

9.90 

399 

1 

'  Oct.  20. . . 

10.10 

393- 

May  18... 

10.73 

992  ' 

June  17  ... 

9.86 

379   1  Oct.  31... 

10.10 

325 

May  20... 

10.66 

875 

June  19  . . . 

9.80 

341 

Nov.  21.. 

10.00 

284 

May  22... 

10.61 

852 

June  22  ... 

9.74 

299 

Nov.  28 .. 

10.00 

270 

May  25... 

10.54 

805  1 

June  24  . . . 

9.70 

270 

Dec.  19  .. 

10.10 

264 

May  27... 

10.45 

748 

June  26... 

9.63 

244 

Dec.  27  .. 

10.05 

273 
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Daily  gage  height,  in  feet,  of  Salt  River  at  MeDawell,  Arizona,  for  1897. 


Day. 

Apr. 

May. 

Jane. 

July. 

Aag. 

Sept. 

Oct. 

Nov. 

10.06 
10.05 
10.05 
10.06 
10.06 
10.06 
10.05 
10.00 
10.  OU 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.05 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 

Dec. 

1 

11.00 
11.75 
11.02 
11.55 
11.82 
11.82 
11.48 
11.44 
11.40 
11.20 
11.20 
11.12 
11.00 
11.00 
10.94 
10.85 
10.75 
10.72 
10.08 
10.06 
10.02 
10.00 
10.68 
10.68 
10.63 
10.49 
10.44 
10.41 
10.40 
10.39 
10.36 

10.36 

10.82 

10.29 

10.20 

10.23 

10.18 

10.12 

10.08 

10.04 

9.99 

9.96 

9.96 

9.9U 

9.87 

9.90 

9.80 

9.86 

9.83 

9.79 

9.77 

9.75 

9.73 

9.70 

9.68 

9.85 

9.82 

9.00 

9.68 

9.56 

9.56 

9.50 
9.72 
9.52 
9.60 
9.30 
9.64 
9.06 
9.30 
9.34 
9.60 
0.50 
9.50 
9.50 
9.00 
9.78 
9.00 
9.60 
9.68 
9.56 
9.52 
9.43 
9.46 
9.45 
9.46 
9.42 
9.45 
9.46 
9.42 
9.75 
9.55 
9.55 

9.50 

9.55 

10.55 

9.90 

10.04 

9.70 

9.88 

9.75 

9.70 

9.70 

9.82 

10.86 

10.82 

10.85 

10.10 

10.10 

10.56 

10.90 

10.50 

10.70 

10.30 

10.20 

10.20 

10.10 

10.00 

10.80 

10.00 

10.50 

10.00 

10.45 

10.00 

10.00 
9.88 
10.40 
10.45 
10.00 
10.44 
10.80 
10.00 
10.90 
11.51 
12.73 
11.15 
11.60 
11.50 
10.00 
10.20 
10.30 
10.80 
10.08 
10.48 
10.25 
10.90 
11.00 
11.45 
11.60 
11.45 
11.70 
12.02 
11.90 
11.75 

11.45 
11.30 
10.90 
11.40 
10.05 
10.00 
10.70 
10.40 
10.90 
10.05 
10.04 
10.20 
10.00 
10.30 
10.80 
10.20 
10.80 
10.20 
10.30 
10.10 
10.25 
9.90 
10.00 
10.45 
10.50 
10.45 
10.46 
10.02 
10.90 
10.76 
10.10 

10.00 

10.05 

10.10 

10.10 

10.10 

10.10 

10.10 

10.10 

10.10 

10.10 

10.10 

10.10 

10.10 

10.10 

10.10  . 

10.10 

10.10 

10.10 

10.10 

10.15 

10.15 

10.10 

10.10 

10.10 

10.10 

10.06 

10.05 

10.10 

10.10 

10.05 

10.05 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

u 

15 

16 

17 

18 

19 

20 

13.00 
13.80 
18.80 
12.90 
12.00 
12.50 
12.32 
12.15 
12.10 
12.10 
12.00 

21 

22 

23 

24 

26 

as 

27 

28 

28 

30 ^. 

81 

IRS  16- 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


MCDOWELL  STATION  ON  VERDE  RIVEB. 

This  station  is  located  f  mile  above  the  mouth  of  Verde  Eiver,  and  35 
miles  northeast  of  Phoenix,  Arizona,  and  was  established  April  20, 1897. 
The  gage  consists  of  a  2  by  4  inch  inclined  rod  fastened  to  posts  driven 
into  the  east  bank  of  the  river  about  400  feet  below  the  gaging  cable. 
The  bench  mark  is  on  a  catclaw  tree  about  100  feet  southeast  from  the 
old  gage  on  cottonwood  tree,  which  latter  is  60  feet  below  the  cable. 
The  elevation  of  the  bench  mark  is  27.02  feet  above  gage  datum. 
The  observer  is  B.  Yalasco.  The  following  is  a  list  of  discharge  meas- 
urements made  by  W.  A.  Parish  and  others  in  1897 : 


Date. 


Apr.  21 . . . 
Apr.  25... 
Apr.  28 . . . 
Apr.30... 

May  4 

May  S-f. 
May  11... 
May  15... 
May  18... 
May  20... 
May  22... 
May  25... 
May  27... 


hei^t. 

Dis.     1 
charge,  i 

FeeU 

See.  ft. 

8.85 

1,328 

8.50 

731 

8.87 

540 

8.32 

508 

8.16 

364 

8.12 

325 

8.00 

259 

7.93 

236 

7.94 

229 

7.85 

227 

7.88 

224 

7.84 

205 

7.85 

244 

Date. 


May  29. 
June  1  . 
June  3  . 
June  8  . 
Jane  10 
Jane  12 
Jane  15 
June  17 
Jane  19 
Jane  22 
Jane  24 
Jane  26 
Jane  30 


Gage 
heigut. 


Fut, 

7.74 

7.80 

7.78 

7.75 

7.76 

7.78 

7.70 

7.63 

7.63 

7.58 

7.63 

7.55 

7.56 


Dis- 
charge. 


See.  ft. 
172 
177 
174 
176 
178 
159 
165 
138 
132 
128 
135 
122 
111 


Date. 


Jnly  10 
Jaly  19 
Aug.  15 
Aag.  29 
Sept.  13 
Sept.  26 
Oct.  21. 
Oct.  31 . 
Nov.  21 
Nov.  28 
Deo.  19 
Dec.  26 


Gage 
heignt. 


DU. 
charge. 


JfTtet. 

7.65 

7.70 

7.95 

8.51 

9.35 

7.60 

6.70 

6.65 

6.60 

6.63 

6.75 

6.70 


See.  ft. 
183 
186 
322 
440 

1,949 
435 
279 
305 
246 
264 
261 
308 


Daily  gage  height,  infect,  of  Ferde  IHvtr  at  McDowell,  Arizona,  for  1897. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

8.30 
8.23 
8.18 
8.16 
8.14 
8.12 
8.12 
8.12 
8.08 
8.05 
8.00 
8.00 
7.08 
7.93 
7.93 
7.93 
7.92 
7.92 
7.91 
7.86 
7.84 
7.86 
7.84 
7.84 
7.84 
7.84 
7.84 
7.82 
7.74 
7.85 
7.84 

7.80 
7.76 
7.77 
7.77 
7.78 
7.76 
7.74 
7.75 
7.74 
7.76 
7.76 
7.78 
7.76 
7.74 
7.70 
7.66 
7.62 
7.62 
7.62 
7.62 
7.59 
7.68 
7.60 
7.62 
7.60 
7.54 
7.56 
7.57 
7.57 
7.66 

7.56 
7.54 
7.43 
7.42 
7.38 
7.44 
7.4i 
7.40 
7.40 
7.68 
7.65 
7.88 
7.80 
7.72 
7.74 
7.70 
7.75 
7.75 
7.70 
7.64 
7.43 
7.68 
7.64 
7.68 
7.54 
7.52 
7.60 
7.49 
7.60 
7.50 
7.51 

7.55 
7.54 
7.52 
7.52 
7.56 
7.60 
7.60 
7.65 
7.64 
7.72 
7.72 
9.00 
8.50 
8.00 
8.00 
8.00 
8.20 
8.50 
8.10 
8.50 
8.60 
8.70 
7.90 
8.30 
8.30 
8.46 
8.45 
8.45 
8.50 
7.50 
7.50 

7.70 
7.56 
7.60 
7.85 
7.60 
7.50 
7.61 
8.80 
8.90 
8.30 
12.00 
12.00 
9.40 
9.40 
7.60 
7.50 
7.85 
7.60 
7.10 
7.20 
2.10 
7.00 
7.60 
7.45 
7.65 
7.60 
9.00 
9.90 
7.80 
7.55 

7.45 
7.00 
7.00 
7.40 
7.30 
7.10 
7.10 
7.20 
6.90 
7.10 
7.00 
7.10 
7.00 
7.00 
7.00 
7.00 
7.10 
7.10 
7.10 
7.10 
6.70 
6.70 
6.65 
6.66 
6.60 
6.65 
6.70 
6.70 
6.65 
6.66 
6.66 

6.65 
6.60 
6.65 
6.66 
6.66 
6.60 
6.60 
6.60 
6.60 
6.60 
6.60 
6.65 
6.60 
6.65 
6.95 
6.60 
6.65 
6.65 
6.60 
6.60 
6.60 
6.60 
6.60 
6.60 
6.60 
6.60 
6.00 
6.60 
6.60 
6.60 

6.65 
6.70 
6.70 
6.70 
0.65 
6.00 
6.60 
6.60 
5.65 
6.65 
6.65 
'ft.  65 
6.65 
a60 
6.60 
6.60 
6.65 
6.65 
6.75 
e.75 
6.60 
6.75 
9.70 
6.70 
6.70 
6.70 
1.70 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

9.00 
8.80 
8  70 
8.65 
8.60 
8.50 
6.42 
8.38 
8.37 
8.36 
8.32 

21 

22 

23 

24 

25 

28 

— w. .................. 

1     27 

28 

6.70 

29 

6.70 

30 

6.70 

31 

6.70 
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YUILA  STATION  ON  COLORADO  RIYSR. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  298,  is  located  at  the  bridge  of  the  Southern  Pacific  Kailroad 
C3ompaiiy  at  Yuma,  Arizona,  and  the  gage  readiogs  are  maintained  by 
that  company.  The  gage  at  this  point,  reading  from  10  to  22  feet,  is 
nailed  to  the  lower  siJe  of  the  first  pier  on  the  south  bank  of  the  river; 
the  portion  reading  from  22  feet  to  40  feet  is  nailed  to  a  large  post  on 
the  north  side,  east  of  the  bridge.  The  figures  of  gage  height,  plus 
100,  indicate  the  elevation  above  sea  level  according  to  the  South 
Pacific  elevation.  The  channel  of  the  river  is  shifting,  scouring  or  fill- 
ing with  every  change  of  river  height.  No  discharge  measurements 
were  made  in  1897. 


DaUff  gage  height,  in  feet,  of  Colorado  River  at  Yuma,  Arizona,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jimd. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1.... 

18.58 

18.33 

18.33 

10.42 

22.42 

25.17 

21.50 

10.25 

18.68 

18.02 

1&75 

18.42 

a.... 

18.75 

18.17 

18.50 

10.67 

22.42 

25.42 

21.25 

10.17 

18.58 

18.02 

18.83 

18.42 

8.... 

18.58 

18.33 

18.50 

10.26 

22.67 

25.67 

20.02 

10.17 

18.60 

18.02 

10.17 

18.76 

4.... 

18.50 

18.25 

10.17 

20.17 

22.02 

25.75 

20.02 

10.17 

18.50 

18.83 

10.17 

18.58 

6.... 

18.42 

18.42 

10.33 

20.00 

23.00 

25.83 

20.02 

10.00 

18.58 

10.17 

18.02 

18.42 

6.... 

18.33 

18.  PO 

10.08 

20.42 

22.02 

25.83 

20.02 

18.02 

18.50 

10.17 

18.75 

1&58 

7.... 

18.25 

18.50 

10.75 

20.42 

23.00 

26.02 

20.68 

18.83 

18.42 

18.02 

18.75 

18.58 

o*  •  «  ■ 

18.17 

18.60 

10.42 

20.67 

23.42 

26.00 

20.42 

18.83 

18.25 

18.75 

18.75 

18.42 

».... 

18.00 

18.42 

10.00 

21.00 

23.75 

26.08 

20.42 

18.87 

18.25 

18.42 

18.67 

18.42 

10.... 

18.00 

18.17 

10.50 

21.42 

24.00 

26.00 

20.25 

18.75 

18.17 

18.50 

18.67 

18.33 

11.... 

18.00 

18.00 

20.33 

21. 42 

24.83 

25.83 

20.33 

18.75 

18.08 

18.83 

18.67 

18.25 

12.... 

17.02 

17.02 

10.75 

21.00 

24.58 

25.33 

20.50 

18.58 

18.42 

10.25 

18.58 

18.25 

18.... 

18.33 

18.17 

10.58 

21.42 

24.83 

24.75 

20.58 

18.83 

18.17 

21.00 

18.58 

18.08 

U.... 

10.00 

18.26 

10.33 

21.50 

24.02 

24.00 

20.26 

18.75 

1&67 

20.75 

18.50 

18.08 

16.... 

20.02 

1&26 

10.17 

21.60 

25.08 

23.58 

20.08 

10.00 

18.75 

21.50 

18.58 

18.08 

16.... 

21.42 

18.25 

10.00 

21.42 

25.25 

23.33 

20.25 

18.93 

18.33 

21.42 

18.58 

18.00 

17.... 

22.50 

18.25 

10.17 

21.26 

25.83 

23.26 

20.25 

18. 02 

18.25 

20.92 

18.58 

18.00 

18.... 

22.83 

18,17 

10.50 

21.25 

25.42 

23.17 

20.33 

10.00 

10.33 

20.17 

18.58 

18.00 

1».... 

21.02 

18.17 

10.25 

21.42 

25.50 

23.06 

20.33 

19.  U8 

19.83 

10.92 

18.58 

18.00 

20.... 

20.00 

18.17 

10.17 

21.42 

25.50 

23.25 

20.26 

10.17 

20.25 

19.67 

18.50 

18.00 

21.... 

10.42 

18.17 

10.00 

21.42 

25.42 

23.25 

20.00 

10.08 

20.75 

19.58 

18.42 

17.92 

22.... 

10.75 

18.17 

18.02 

21.02 

25.25 

23.42 

10.75 

10.08 

20.75 

19.42 

18.42 

18.00 

23.... 

10.42 

18.17 

18.02 

22.42 

25.08 

23.25 

10.50 

18.82 

10.83 

19.92 

18.42 

18.17 

24.... 

10.00 

18.00 

18.02 

22.75 

25.00 

22.75 

10.50 

18.83 

10.50 

10.50 

18.33 

18.25 

25.... 

16.83 

18.00 

18.75 

23.00 

25.00 

22.33 

10.42 

18.75 

10.50 

10.33 

18.83 

18.08 

26.. .. 

18.75 

18.42 

10.33 

23.17 

25.17 

22.17 

10.42 

10.25 

10.25 

10.25 

18.42 

18.08 

27.... 

18.67 

18.42 

10.17 

23.00 

25.25 

21.75 

10.42 

18.75 

10.00 

10.00 

18.50 

18.08 

28.... 

18.67 

18.33 

10.17 

22.83 

25.42 

21.67 

10.33 

18.67 

18.83 

19.00 

18.50 

18.08 

20.... 

18.67 

18.02 

22.50 

25. 42 

21.67 

10.33 

18.75 

19.08 

19.00 

18.50 

18.08 

80.... 

18.50 

18.02 

22.42 

25. 33 

21.67 

10.33 

18.75 

18.92 

18.88 

18.42 

18.08 

81.... 

18.42 

10.33 

26.25 

10.25 

18.75 

18.75 

18.00 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


ELKO  STATION  ON  HUMBOLDT  BIYEB. 

This  station,  described  in  the  Eighteenth  Annual  Keport,  Part  lY, 
page  299,  is  located  at  a  point  1  mile  southwest  of  the  town  of  Elko, 
Nevada.  The  gage  is  inclined,  fastened  to  iron  bolts  driven  into  the 
solid  rock,  and  placed  on  the  left  bank  immediately  below  the  bridge. 
The  bench  mark  is  on  the  southwest  corner  of  the  cofferdaim  surround- 
ing ti  stone  pier  of  the  bridge,  SO  feet  north  of  the  gage,  and  is  at  an 
elevation  of  7.5  feet  above  zero  on  the  gage.  The  channel  is  straight 
both  above  and  below  this  point;  the  right  bank  is  quite  low,  but  the 
left  is  high  and  rocky.  The  bed  of  the  streain  is  of  gravel  and  sand, 
shifting  slightly.  The  observer  is  John  Garrecht.  The  following  dis- 
charge measurements  were  made  in  1897  by  L.  H.  Taylor: 

March  23,  gage  height,  2.80  feet;  discharge,  140  second-feet. 
April  9,  gage  height,  6.20  feet;  discharge,  1,276  second-feet. 
May  6,  gage  height,  7.20  feet ;  discharge,  1,778  second-feet. 
Juno  22,  gage  height,  4.93  feet;  discharge,  773  second- feet. 
Jnly  10,  gage  height,  3.80  feet;  discharge,  256  second-feet. 
Jnly  26,  gage  height,  2.45  feet;  discharge,  88  second-feet. 
September  6,  gage  height,  1.80  feet;  discharge,  6  second-feet. 
November  30,  gage  height,  2.20  feet ;  discharge,  44  second-feet. 

Daily  gage  height,  in  feet,  of  Bumboldt  Biver  at  Elko,  Nevada,  for  1897. 


Day. 


2 

3 

4 

5 

« 

7 

8 

9 

10 

11 

12 

13 

U 

16 

16 

17 

&0  ■•■■••••• 

19 

20 

22 

23 

24 

25 

26 

27 

28 

30 

31 


Jan. 


2.50 
2.56 
2.45 
2.50 
2.50 
2.50 
2.50 
2.55 
2.50 
2.50 
2.40 
2.50 
2.40 
2.40 
2.30 
2.40 
2.40 
2.80 
2.40 
2.40 
2.87 
2.35 
2.80 
2.37 
2.40 
2.40 
2.42 
2.40 
2.40 
2.42 
2.40 


Feb. 


2.45 
2.45 
2.46 
2.60 
2.65 
2.70 
2.72 
2.90 
2.93 
2.96 
3.00 
2.96 
2.86 
2.70 
2.70 
2.65 
2.70 
2.45 
2.60 
2.70 
2.70 
2.60 
2.50 
2.50 
2.40 
2.50 
2.60 
2.70 


Mar. 


Apr. 


2.66 
2.80 
2.80 
2.85 
2.80 
2.80 
2.80 
2.70 
2.70 
2.80 
2.85 
2.80 
2.70 
2.70 
2,70 
2.75 
2.85 
2.95 
3.00 
3.00 
3.00 
2.80 
2.90 
3.00 
3.60 
3.90 
4.30 
5.30 
7.30 
6.90 
0.10 


5.90 
4.80 
4.80 
4.40 
4.60 
4.60 
6.00 
5.50 
6.30 
6.40 
6.60 
6.80 
7.20 
7.40 
7.40 
7.20 
7.30 
7.80 
7.40 
7.90 
8.10 
8.20 
8.20 
7.80 
7.50 
7.20 
6.90 
6.00 
6.70 
6.70 


May. 


6.80 
6.80 
6.90 
7.50 
7.90 
7.90 
7.90 
7.70 
7.56 
7.50 
7.50 
7.55 
7.50 
7.10 
7.20 
6.90 
6.80 
6.80 
7.00 
7.30 
7.35 
7.65 
7.70 
8.00 
8.26 
8.30 
8.40 
8.46 
8.36 
8.10 
7.90 


Jane. 


7.60 
7.45 
7.30 
7.20 
7.16 
6.80 
6.50 
6.40 
6.16 
6.95 
5.85 
5.80 
5.75 
5.60 
5.40 
5.40 
5.43 
5.65 
5.70 
5.60 
6.30 
5.00 
4.86 
4.50 
4.50 
4.20 
4.15 
4.15 
4.30 
4.26 


July. 


4.16 
4.16 
4.00 
3.95 
3.90 
3.80 
3.70 
8.60 
3.40 
3.85 
3.26 
3.15 
8.00 
2.96 
2.93 
2.90 
2.90 
2.80 
2.80 
2.70 
2.70 
2.65 
2.60 
?.60 
2.66 
2.50 
2.40 
2.85 
2.20 
2.80 
2.26 


Ang. 


2.20 
2.15 
2.16 
2.10 
2.10 
2.00 
2.U0 
2.06 
2.00 
2.00 
2.00 
2.00 
1.95 
1.96 
1.95 
1.96 
1.95 
1.90 
1.86 
1.85 
1.85 
1.85 
1.87 
1.87 
1.87 
1.87 
1.87 
1.87 
1.87 
1.85 
1.85 


Sept. 


1.85 
1.85 
1.86 
1.85 
1.85 
1.80 
1.80 
1.80 
1.80 
1.80 
1.83 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.77 
1.77 
1.77 
1.76 


Oct 


1.76 
1,75 
1.75 
1.75 
1,80 
1.80 
1.85 
1.90 
1.90 
2.00 
1.95 
1.96 
1.95 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.05 
2.05 
2.10 
2.05 
2.06 
2.06 
2.00 
2.10 
2.15 
2.06 
2.05 
2.10 


Nov. 


2.16 
2.10 
2.15 
2.16 
2.15 
2.20 
2.20 
2.25 
2.26 
2.26 
2.26 
2.26 
2.20 
2.26 
2.25 
2.30 
2.80 
2.80 
2.30 
2.30 
2.80 
2.30 
2.85 
2.40 
2.86 
2.86 
2.86 
2.80 
2.25 
2.30 


Deo. 


2.36 
2.85 
2.40 
2.45 
2.50 
2.46 
2.50 
2.50 
2.60 
2.80 
2.80 
2.70 
2.50 
2.30 
2.20 
2.40 
2.00 
2.00 
2.60 
2.00 
2.60 
2.60 
2.60 
2.65 
2.50 
2.45 
2.50 
2.40 
2.40 
2.40 
2.40 
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BATTLE  MOUNTAIN  STATION  ON  HUMBOLDT  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Eeport,  Part  lY, 
page  302,  is  located  at  the  county  highway  bridge,  three-fourths  of  a 
mile  northeast  of  the  town  of  Battle  Mountain,  Nevada.  O.  B.  Taylor 
is' the  observer.  The  gage  is  vertical  and  is  spiked  to  the  timber  wing 
wall  immediately  above  the  bridge,  on  the  lefb  bank.  The  bench  mark 
is  on  a  spike  in  the  tie  beam  at  the  east  side  of  the  bridge  near  the 
south  end,  at  an  elevation  of  10  feet  above  zero  on  the  gage.  The  chan- 
nel is  curved  at  this  point  and  the  banks  are  low  and  liable  to  overflow 
at  high  water.  There  are  also  several  sloughs  or  side  channels,  so  at 
extreme  high  water  it  is  difficult  to  obtain  an  accurate  measurement  of 
the  flow  of  the  stream.  The  bed  of  the  stream  is  of  sand  and  gravel 
and  shifts  considerably.  The  following  discharge  measurements  were 
made  in  1897  by  L.  H.  Taylor: 

March  17;  gage  height^  2.85  feet;  discharge,  276  second-feet. 
April  4,  gage  height,  6.10  feet;  discharge,  944  second-feet. 
April  10,  gage  height,  7.10  feet;  discharge,  1,557  second- feet. 
April  15,  gage  height,  8.90  feet;  discharge,  2,454  second-feet. 
May  26,  gage  height,  8.60  feet;  discharge,  2,870  second-feet. 
Jnne  24,  gage  height,  6.70  feet;  discharge,  1,394  second-feet. 
Jnly  6,  gage  height,  4.70  feet;  discharge,  711  second-feet. 
Jnly  21,  gage  height, 2.55  feet;  discharge,  306  second-feet. 
August  20,  gage  height,  0.85  foot;  discharge,  16  secoud-feet. 
September  23,  gage  height,  0.45  foot^  discharge,  4  second-feet. 

Daily  gage  height,  in  feet,  of  Humboldt  Biver  at  Battle  Mountain,  Nevada,  for  1897, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane.  July. 

Aag. 

Sept. 

0.60 
.56 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.50 
.50 
.60 
.50 

Oct. 

Nov. 

1.55 
1.55 
1.60 
1.60 
1.60 
1.65 
1.65 
1.65 
1.65 
1.65 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.75 
1.75 
1.75 
1.75 
1.80 
1.80 
1.80 
1.85 
1.85 
1.90 
1.95 
1.90 
1.95 

Deo. 

1 

2.20 
2.20 
2.25 
2.25 
2.25 
2.15 
2.15 
2.10 
2.10 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
8.20 
2.10 
2.10 
2.20 
2.15 
2.15 
2.10 
2.00 
2.00 
2.10 
2.10 
2.15 
2.15 
8.20 
2.20 
2.20 

2.30 
2.80 
2.30 
2.35 
2.35 
2.20 
2.35 
2.30 
2.30 
2.35 
2.85 
2.35 
2.35 
2.35 
2.40 
2.40 
2.45 
2.50 
2.45 
2.45 
2.40 
2.40 
2.40 
2.35 
2.35 
2.35 
2.35 
2.40 

2.45 
2.45 
2.40 
2.40 
2.50 

5.80 
6.60 
6.00 
6.10 
6.10 

8.58 
8.58 
8.57 
8.56 
8.56 
8.55 
8.54 
8.55 
8.56 
8.57 
8.58 
8.59 
8.60 
8.55 
8.54 
8.54 
8.52 
8.50 
8.47 
8.45 
8.47 
8.50 
8.52 
8.55 
8.58 
8.60 
8.62 
8.65 
8.68 
8.70 
8.73 

8.76  6.25 
8.80  5.10 
8.76  5.00 
8.73  4.90 
8. 70  4. 80 
8.66  4.70 
8. 60  4. 60 
8. 56  !  4. 50 
8.45  1  4.40 
8.  30  4. 20 

1.60 

1.50 

1.45 

1.40 

1.30 

1.26 

1.20 

1.20 

1.15 

1.15 

1.10 

1.10 

1.05 

1.05 

1.05 

1.00 

1.00 

.95 

.90 

.90 

.86 

.85 

.80 

.80 

.76 

.75 

.70 

.70 

.65 

.66 

.60 

0.55 

.55 

.66 

.60 

.60 

.65 

.65 

.75 

1.20 

1.20 

1.00 

.90 

.90 

.90 

.95 

.95 

1.00 

1.00 

1.10 

1.10 

1.15 

1.20 

1.25 

1.30 

1.80 

1.35 

1.40 

1.40 

1.45 

1.50 

1.50 

2.00 
2.00 
2.00 
2.05 
2.05 
2.06 
2.00 
2.10 
2.10 
2.10 
2.20 
2.35 
2.40 
2.40 
2.50 
2.80 
2.70 
2.70 
2.70 
2.50 
2.55 
2.70 
2.70 
2.70 
2.75 
2.75 
2.75 
2.75 
2..80 
2.80 
2.90 

2 

3 

4 

5 

6 

2. 50  ;  A.  IK 

7 

2.50 
2.70 
2.85 
2.60 
2.45 
2.45 
2.50 
2.  GO 
2.70 
2.8U 
2.85 
2.00 
2.90 
2.00 
2.65 
2.30 
3.00 
2.80 
3.00 
3.10 
2.00 
3.00 
3.80 
3.70 
5.00 

6.30 
6.50 
6.90 
7.20 
7.60 
7.90 
8.10 
8.25 
8.35 
8.42 
8.47 
8.50 
8.55 
8.60 
8.63 
8.67 
8.70 
8.73 
8.70 
8.70 
8.68 
8.65 
8.63 
8.60 

8 

9 

10 

n 

12 

8.10 
7.05 
7.80 
7.70 
7.65 
7.60 

4.00 
3.85 
3.75 
3.40 
3.20 
3.40 

13 

14 

16 

16 

17 

7. 55  4. 80 

18 

19 

7.50 
7.45 
7.30 
7.15 
7.00 
6.85 
6.70 
6.40 
6.20 
6.00 
5.80 
5.60 
5.40 

2.00 
2.75 
2.65 
2.55 
2.40 
2.30 
2.20 
2.10 
2.00 
2.00 
1.00 
1.85 
1.75 
1.70 

ao 

21 

22 

28 

84 

25 

28 

27 

28 

29 

30 

31 
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aOLOONBA  STATION  ON  HUMBOLDT  RIYBR. 

This  statiou,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  303,  is  located  1^  miles  northerly  from  the  town  of  Golconda, 
Nevada.  The  observer  is  L.  Dutertre,  a  farmer  and  merchant.  The 
gage  is  vertical  and  is  spiked  to  posts  driven  into  the  left  bank  of  the 
river.  There  are  two  bench  marks,  one  on  a  2  by  4  inch  post  driven 
flush  with  the  ground  sarface  20  feet  from  the  gage,  and  the  other  on 
a  large  spike  driven  into  a  post  which  is  firmly  set  about  15  feet  from 
the  gage.  The  first  is  at  an  elevation  of  10.55  feet  and  the  second  13.70 
feet  above  zero  on  the  gage.  Measurements  are  made  from  a  cable 
and  suspended  car.  The  channel  is  nearly  straight  for  about  400  fidet. 
The  banks  are  moderately  high,  but  liable  to  overflow  at  extreme  flood 
stages,  perhax>s  once  in  four  or  five  years.  The  bed  of  the  stream  is  of 
gravel  and  sand,  shifting  somewhat.  The  following  discharge  measure- 
ments were  made  in  1897  by  L.  H.  Taylor : 

March  24,  gage  height,  2.80  feet;  disoharge,  207  second-feet. 
April  9,  gage  height,  5.90  feet ;  dtschargey  650  eeoond-feet. 
April  21,  gage  height,  7.05  feet;  discharge,  1,363  seoond-feet. 
June  2,  gage  height,  9.20  feet;  discharge,  2,608  seoond-feet. 
June  27,  gage  height,  6.87  feet ;  discharge,  1,198  second-feet. 
July  5,  gage  height,  5.65  feet ;  discharge,  796  second-feet. 
July  30,  gage  height,  2.90  feet;  discharge,  251  second-feet. 
August  10,  gage  height,  1.94  feet ;  discharge,  124  second- feet. 
September  13,  gage  height,  0.70  foot;  discharge,  7  second-feet. 
November  2,  gage  height,  1.20  feet;  discharge,  43  second-feet. 
November  27,  gage  height,  1.75  feet;  discharge,  89  seoond-feet. 

Daily  gtige  heightf  infect,  of  Humboldt  Biver  at  Golconda,  Nevada,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

I 

2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.25 
2.30 
2.30 
2.30 
2.30 
2.30 
2.25 
2.25 
2.80 
2.20 
2.10 
2.15 
2.20 
2.30 
2.80 
2.70 
2.40 
2.30 
2.36 

2.50 
2.40 
2.45 
2.50 
2.65 
2.60 
2.50 
2.50 
2.  CM) 
2.60 
2.65 
2.70 
2.70 
2.70 
2.80 
2.90 
3.00 
3.00 
2.90 
2.85 
2.95 
2.85 
2.80 
2.70 
2.70 
2.75 
2.90 
2.80 

2.85 
2.90 
2.90 
2.95 
2.86 
2.80 
2.80 
2.85 
2.90 
2.90 
3.20 
2.10 
2.00 
2.90 
2.90 
2.90 
2.90 
2.80 
2.85 
2.90 
2.95 
2.95 
2.95 
2.90 
3.00 
3.50 
3.60 
3.10 
8.10 
8.30 
3.60 

3.80 
4.40 
4.80 
5.00 
5.10 
5.40 
5.40 
6.40 
5.30 
5.40 
5.50 
5.70 
5.76 
5.80 
5.90 
6.10 
6.40 
6.50 
6.80 
6.90 
7.00 
7.40 
7.60 
8,00 
8.10 
8.50 
8.80 
9.16 
9.50 
9.80 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

U 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28 

27 

28 

29 

30 

31 

VLkj. 


9.95 
9.95 
10.00 
9.90 
9.90 
9.80 
9.75 
9.70 
9.60 
9.55 
9.50 
9.50 
9.50 
9.50 
9.50 
9.50 
9.50 
9.50 
9.50 
9.50 
9.50 
9.50 
9.45 
9.40 
9.30 
9.30 
9.30 
9.25 
9.20 
9.10 
9.15 


June. 


9.20 
9.25 
9.26 
9.30 
9.40 
9.50 
9.65 
9.66 
9.76 
9.65 
9.65 
9.40 
9.40 
9.20 
9.00 
8.80 
8.60 
8.40 
8.10 
7.80 
7.70 
7.60 
7.40 
7.20 
7.20 
7.00 
6.90 
6.70 
6.60 
6.40 


July. 


6.20 
6.90 
6.90 
5.70 
5.00 
6.50 
6.35 
6.20 
6.16 
4.95 
4.90 
4.85 
6.85 
4.80 
4.60 
4.40 
4.20 
4.00 
3.90 
3.80 
3.75 
3.60 
3.50 
3.40 
3.45 
3.30 
3.20 
3.10 
3.00 
2.90 
2.80 


Aug. 


2.70 
2.00 
2.60 
2.40 
2.30 
2.25 
2.20 
2.16 
2.10 
1.96 
1.85 
1.80 
1.76 
1.70 
LOS 
1.65 
1.60 
1.55 
1.50 
1.45 
1.40 
1.30 
1.30 
1.36 
1.40 
1.40 
1.35 
1.86 
1.80 
1.25 
1.20 


Sept. 


1.10 
1.00 
1.00 
1.00 
1.00 
1.00 
.96 
.90 
.85 
.80 
.80 
.75 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.65 
.65 
.65 
.60 
.60 
.60 
.60 
.65 
.66 
.56 


Got. 


0.60 

.60 

.50 

.60 

.50 

.50 

.50 

1.80 

1.50 

1.30 

1.30 

1.20 

1.20 

1.10 

LOO 

.90 

.80 

.80 

.80 

.75 

.80 

.80 

.80 

.80 

.80 

.86 

.96 

.96 

.90 

LOO 

LOO 


Nov.!    Dec. 


LIO 
L20 
L25 
L30 
L40 
L46 
1.50 
L50 
L50 
L65 
L66 
L65 
L56 
LOO 
LOO 
L65 
L66 
L66 
L65 
1.70 
L70 
L76 
L76 
L86 
LOO 
L05 
LOO 
LOO 
LOO 
L96 


2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.20 
2.80 
2.40 
2.45 
2.60 
2.60 
2.50 
2.180 
2.60 
2.66 
2.65 
2.65 
2.65 
2.60 
2.65 
2.65 
2.65 
2.70 
2.70 
2.70 
S.70 
2.70 
2.70 
2.7S 
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OREANA  STATION  ON   HUMBOLDT  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  306,  is  located  at  the  old  Oreana  highway  bridge,  about  12  miles 
northeast  of  Lovelocks,  Nevada.  The  observer  is  Joe  Bodgers,  section 
foreman  of  the  Central  Pacific  Bailroad.  The  bridge  abutment  to 
which  the  gage  was  fastened  was  undermined  and  fell  May  26, 1897.  A 
temporary  gage  was  used  until  September  8, 1897,  when  a  new  inclined 
one  was  placed  on  the  left  bank  of  the  river  about  a  mile  and  a  half 
above  the  site  of  the  old  gage  and  opposite  the  section  house.  It  is 
made  of  a  2  by  4  inch  pine  timber  spiked  to  posts  driven  well  into  the 
bank.  The  bench  mark  is  a  10  by  10  inch  post  near  the  left  bank  of 
the  river  about  40  feet  below  the  gage,  and  its  elevation  is  10.0  feet 
above,  the  zero.  The  channel  here  is  straight  for  about  500  feet  above 
the  gage  and  for  about  150  feet  below.  The  station  is  provided  with  a 
cable  and  car.  The  river  banks  are  high  and  not  liable  to  overflow. 
The  bed  of  the  stream  is  sandy  and  shifting.  The  following  measure- 
ments were  made  in  1897  by  L.  H.  Taylor: 

March  25,  gage  height,  3.85  feet;  discharge,  203  second- feet. 
April  22,  gage  height,  6.70  feet;  discharge,  1,037  second-feet. 
April  30,  gage  height,  9.35  feet;  discharge,  1,939  second-feet. 
May  14,  gage  height,  11.70  feet;  discharge,  2,932  second-feet. 
Jnne  26,  gage  height,  8.75  feet ;  discharge,  1,910  second-feet. 
July  9,  gage  height,  6.80  feet;  discharge,  1,169  second-feet. 
Jaly  22,  gage  height,  5.00  feet;  discharge,  625  second-feet. 
September  9,  gage  height,  2.50  feet ;  discharge,  59  second-feet. 
November  7,  gage  height,  2.10  feet;  discharge,  25  second-feet. 

Daily  gage  hMght,  infeei,  of  Humboldt  Miver  at  Oreana j  Nevada,  for  1897. 


Day. 


Jan. 


Feb. 


1 

2 

3 

4 

5 

C 

7 

8 

9 

10 

11 

12 

13 

U 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

ft 

26 

27 

28 

29 

30 

31 


2.80 
2.80 
2.80 
2.80 
2.90 
2.90 
2.90 
2.90 
2.95 
2.90 
2.90 
2.90 
3.00 
3.00 
3.00 
8.00 
3.10 
3.10 
3.10 
8.10 
3.10 
3.20 
3.20 
3.20 
3.30 
8.30 
3.20 
8.20 
8.30 
8.40 
3.30 


3.30 
3.80 
3.20 
3.30 
3.40 
3.40 
3.40 
3.40 
3.50 
3.50 
8.40 
3.40 
3.50 
3,50 
3.50 
3.50 
8.50 
3.50 
3.60 
3.60 
3.60 
8.60 
3.70 
8.70 
3.70 
3.80 
8.80 
3.80 


3.80 
3.80 
3.90 
3.80 
3.80 
3.80 
3.80 
3.80 
8.85 
3.80 
3.90 
3.90 
3.85 
3.80 
3.80 
3.90 
8.80 
3.85 
3.80 
3.80 
8.80 
3.80 
3.80 
3.85 
3.85 
3.90 
3.90 
4.00 
4.10 
4.30 
4.45 


Apr. 


May. 


4.50 
4.60 
4.60 
4.70 
4.80 
4.90 
5.00 
5.10 
5.20 
5.20 
5.20 
5.30 
5.40 
5.40 
5.60 
5.80 
5.80 
5.90 
6.00 
6.40 
6.50 
6.80 
7.10 
7.50 
8.05 
8.50 
8.80 
9.10 
9.30 
9.50 


9.80 
9.90 
10.30 
10.50 
10.80 
11.00 
11.20 
U.40 
11.70 
11.80 
11.90 
12.00 
11.90 
11.75 
11.80 
11.60 
11.40 
11.20 
11.00 
11.00 
10.90 
10.90 
10.90 
10.90 
10.90 
10.90 
10.90 
10.00 
10.90 
10.80 
10.80 


Jnne. 


10.60 

10.40 

10.30 

10.20 

10.10 

10.10 

10.10 

10.00 

9.90 

9.90 

9.80 

9.80 

9.80 

9.80 

9.80 

9.80 

9.80 

9.70 

9.70 

9.60 

9.40 

9.30 

9.00 

8.90 

8.80 

8.70 

8.60 

8.60 

8.40 

8.20 


July. 

Aag. 

8.10 

4.20 

7.85 

4.10 

7.60 

4.10 

7.40 

4.10 

7.20 

4.00 

7.10 

3.90 

7.00 

3.90 

6.95 

3.80 

6.80 

3.80 

6.60 

3.70 

6.40 

3.60 

0.30 

3.50 

6.10 

3.40 

6.00 

3.40 

5.90 

3.30 

5,80 

3.20 

5.60 

3.10 

5.50 

3.10 

6.40 

3.10 

5.20 

3.10 

5.10 

3.10 

5.00 

3.00 

4.90 

3.00 

4.80 

2.90 

4.80 

2.80 

4.70 

2.70 

4.60 

2.70 

4.50 

2.60 

4.40 

2.60 

4.30 

2.60 

4.20 

2.00 

Sept. 


2.60 
2.55 
2.55 
2.55 
2.55 
2.50 
2.50 
2.50 
2.50 
2.50 
2.45 
2.45 
2.45 
2.45 
2.45 
2.45 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.35 
2.35 
2.35 
2.35 
2.30 


Oct. 

Nov. 
2.05 

Doc. 

2.30 

2.45 

2.30 

2.05 

2.50 

2.30 

2.05 

2.55 

2.30     2.10 

2.60 

2.  30     2. 10 

8.10 

2.25 

2.10 

3.00 

2.85 

2.10 

2.90 

2.50 

2.10 

2.95 

2.40 

2.15 

2.70 

2.35 

2.15 

2.70 

2.30 

2.15 

2.75 

2.80 

2.15 

2.75 

2.30 

2.20 

2.80 

2.30 

2.20 

2.80 

2.25 

2.20 

2.80 

2.25 

2.25 

2.80 

2.25 

2.25 

2.85 

2.20 

2.25 

2.85 

2.20 

2.25 

2.85 

2.20 

2.30 

2.80 

2.20 

2.30 

2.90 

2.15 

2.30 

2.90 

2.15 

2.20 

2.90 

2.15 

2.30 

2.90 

2.15 

2.35 

2.95 

2.10 

2.35 

2.95 

2.10 

2.40 

3.00 

2.10 

2.40 

8.00 

2.05 

2.45 

3.00 

2.05 

2.45 

3.05 

2.05 

3.05 

156 


OPERATIONS  AT  RIVER   STATIONS,  1897. 


mason's  ranch  station  ON  SOUTH  FORK  OP  HUMBOLDT  RIVER. 

This  station,  described  in  the  Eighteenth  Annaal  Beport,  Part  lY, 
page  311,  is  located  at  a  point  on  the  South  Fork  of  Hnmboldt  River, 
about  10  miles  southwest  of  the  town  of  Elko,  Nevada,  and  about  6 
miles  aboveits  junction  with  the  main  stream.  The  observer  is  Martin 
Mason,  a  farmer.  The  gage  is  inclined  and  spiked  to  posts  driven 
firmly  into  the  right  bank.  There  is  one  bench  mark  on  a  2  by  4  inch 
post  2^  feet  long  driven  flush  with  the  ground  10  feet  north  of  thegi^ge, 
and  having  an  elevation  of  7.50  feet  above  zero  on  the  gage.  Measure- 
ments are  made  from  a  cable  and  suspended  ear  at  a  iioint  1  mile  above 
the  gage,  the  latter  being. placed,  for  the  convenience  of  the  observer, 
near  his  farm.  At  the  point  of  measurement  the  banks  are  high  and 
the  channel  is  straight  for  over  600  feet.  The  bed  of  the  stream  is  of 
rock  and  gravel  and  is  quite  stable.  The  following  discharge  measure- 
ments were  made  in  1897  by  L.  H.  Taylor: 

April  6,  gage  height,  1.95  feet;  discharge,  139  second-feet. 
May  If  gage  height,  5.00  feet;  discharge,  1,128  second-feet. 
June  9,  gage  height,  3.65  feet;  discharge,  800  second-feet. 
June  22,  gage  height,  2.30  feet;  discharge,  363  second-feet. 
July  11,  gage  height,  1.75  feet;  discharge,  211  second-feet. 
July  25,  gage  height,  1.20  feet ;  discharge,  102  second-feet. 
Septemher  24,  gage  height,  0.35  foot;  discharge,  5  8ec6nd-feet. 
October  10,  gage  height,  0.60  foot;  discharge,  19  second- feet. 
November  29,  gage  height,  0.90  foot;  discharge,  56  second-feet. 

Daily  gage  heighiy  in  feet,  of  South  Fork  of  Humboldt  Biver  at  MatofCs  ranch,  Nevada, 

for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 
2.20 

May. 
4.00 

Jmie. 

Jaly. 

Aag. 
0.90 

Sept. 

Oct. 

Nov. 

Deo. 

1 

1.20 

1.20 

1.30 

4.25 

2.05 

0.30 

0.40 

a80 

1.00 

2 

1.20 

1.30 

1.30 

1.85 

4.05     8.90 

2.00 

.85 

.80 

.45 

.80 

1.29 

8 

1.25 

1.25 

1.20 

1.80 

4. 15     3. 70 

2.26 

.85 

.80 

.46 

.80 

.80 

4 

1.25 

1.30 

1.20 

1.80 

4. 30     3. 55 

2.10 

1.86 

.30 

.45 

.85 

.56 

5 

1.80 

1.40 

1.25 

1.05 

4.50  '  8.40 

2.00 

1.30 

.30 

.46 

.85 

.90 

e 

1.20 

1.50 

1.30 

1.95 

4. 80  ,  8. 30 

1.96 

1.00 

.30 

.45 

.86 

1.00 

7 

1.20 

1.40 

1.25 

2.10 

5. 00  !  3. 80 

1.90 

.90 

.80 

.45 

.85 

1.10 

8 

1.10 
1.00 

1.85 
1.30 

1.20 
1.20 

2,20 
2.20 

4.90 
4.^ 

3.40 
3.65 

1.86 
1.80 

.85 
.75 

.80 
.80 

.50 
.50 

.85 
.85 

1.10 
1.00 

9 

10 

.85 
1.00 

1.40 
1.60 

1.25 
1.30 

2.60 
2.00 

4.80 
4.15 

3.60 
3.35 

1.75 
1.75 

:S 

.30 
.80 

.60 
.60 

.85 
.85 

1.26 
1.16 

11 

12 

1.10 
1.10 
1.15 
1.10 

1.25 
1.45 
1.50 
1.25 

1.30 
1.30 
1.20 
1.20 

2.85 
2.95 
3.05 
3.30 

4.00 
3.95 
4.10 
4.25 

3.25 
8.20 
3.20 
3.35 

1.70 
1.65 
1.60 
1.65 

.65 
.60 
.60 
.55 

.80 
.35 
.85 
.86 

.60 
.60 
.70 
.80 

.90 
.90 
.90 
.80 

1.20 
1.10 
1.06 
1.00 

13 

14 

15 

16 

1.20 

1.30 

1.25 

3.50 

4.45 

8.25 

1.65 

.50 

.36 

.80 

.85 

1.00 

17 

.80 

1.40 

1.40 

3.70 

4.55 

3.80 

1.55 

.45 

.35 

.80 

1.15 

1.00 

18 

.75 

1.40 

1.35 

4.20 

4.70 

2.90 

1.50 

.45 

.85 

.80 

.90 

1.00 

19 

1.00 
1.10 

1.50 
1.55 

1.30 
1.30 

4.20 
4.50 

4.80 
4.80 

2.75 
2.56 

1.40 
1.20 

.45 
.40 

.86 
.85 

.76 
.75 

.85 
.85 

.96 
.90 

20 

21 

1.10 

1.40 

1.35 

4.40 

5.20 

8.45 

1.10 

.40 

.86 

.75 

.99 

.90 

22 

1.15 

1.45 

1.25 

4.20 

5.20 

2.25 

1.10 

.40 

.85 

.75 

.95 

1.00 

23 

1.10 
1.15 

1.40 
1.50 

1.85 
1.65 

3.60 
8.40 

5.40 
5.45 

2.25 
2.25* 

1.15 
1.10 

.40 
.35 

.85 
.86 

.80 
.90 

.95 
.96 

1.00 
.90 

24 

25 

1.20 

1.80 

2.40 

8.30 

5.60 

2.20 

1.15 

.35 

.35 

.90 

.90 

.90 

26 

1.20 

1.25 

2.40 

3.80 

5.40 

2.20 

1.20 

.86 

.36 

.85 

1.50 

1.00 

27 

.80 

1.25 

2.25 

8.50 

5.06 

2.20 

1.10 

.35 

.86 

.80 

1.00 

1.00 

28 

1.20 

1.80 

8.20 

3.76 

4.75 

2.10 

1.05 

.45 

.36 

.80 

1.10 

.90 

29 

1.20 

3.50 

3.86 

4.60 

2.00 

1.00 

.35 

.40 

.80 

.95 

.90 

80 

1.20 
1.20 

3.20 
2,70 

3.95 

4.55 
4.60 

1.95 

.96 
.96 

.35 
.30 

.40 

.80 
.80 

.90 

.06 
.90 

81 
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BATTLE  OBBEK  STATION  ON  BEAR  BIYER. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Paii;  lY, 
page  313,  is  located  5  miles  northwest  of  Preston,  Idaho.  The  observer 
i8  John  A.  Nelson.  The  station  is  eqaipped  with  a  cable  and  car.  The 
gage  consists  of  a  vertical  board  nailed  to  a  pile.  *  The  bench  mark  is  a 
nail  in  the  southeast  comer  of  the  house  near  the  gage,  about  1.5  feet 
from  the  ground,  and  it  is  10.95  feet  above  the  zero  of  the  gage. 
The  following  discharge  measurements  were  made  by  Samuel  Fortier 
and  others  in  1897 : 

May  20 J  gage  heigh t,  5.05  feet;  discharge,  5,700  second- feet. 
Jnne  17,  gage  height,  3.50  feet;  discharge,  2,527  second- feet. 
Jaue  17,  gage  height,  3.50  feet;  disoharge,  2,969  second-feet. 
July  28,  gage  height,  1.75  feet;  discharge,  917  second-feet. 
August  23,  gage  height,  1.57  feet;  discharge,  692  second-l'eet. 
October  29,  gage  height,  1.90  feet ;  disoharge,  1,027  second-feet. 

Daily  gage  height,  in  feet,  of  Bear  Biver  at  Battle  Creek,  Idaho,  far  1897, 


Dfty. 


1.. 

2.. 

3. 

4. 

5. 

«.. 

7. 

8. 

».. 
10. 
11. 
12. 
13.. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 


23... 

24.. 

26... 

28... 

27.. 

28... 

20... 

30... 

81.. 


Jan. 


1.80 


1.80 


1.80 


1.80 


Feb. 


1.70 

i.'to 


1.70 


1.70 


1.70 


1.70 


VLmt. 


1.70 


1.70 


1.70 


1.70 


Apr. 


1.70 


2.00 


2.00 


2.50 
2.60 
2.70 
2.M 
2.00 
8.00 
3.10 
3.20 
3.30 
3.40 
3.60 
8.60 
3.70 
3.80 
8.00 
4.00 
4.20 
4.30 
4.40 
4.80 
4.20 


May.  June.  July 


4.00 
4.10 
4.20 
4.20 
4.30 
4.40 
4.60 
4.50 
4.50 
4.50 
4.60 
4.60 
4.60 
4.60 
4.60 
4.80 
6.00 
5.00 
5.00 
5.10 
5.10 
5.15 
5.20 
5.15 
5.20 
5.25 
5.80 
6.25 
5.15 
5.10 
5.10 


5.00 
4.90 
4.80 
4.70 
4.70 
4.70 
4.60 
4.60 
4.60 
4.40 
4.40 
4.40 
4.30 
4.30 
4.20 
4.10 
8.50 
3.40 
3.30 
3.20 
8.10 
3.00 
3.00 
3.00 
2.90 
2.00 
2.80 
2.66 
2.60 
2.56 


2.50 
2.50 
2.45 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.80 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 


Aug.  Sept.    Oct. 


1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70  1 

1.70 

1.70  I 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.00 

1.60 

1.60 

1.60 


1.60 

1.60 

1.80 

1.70  I 

1.60 

1.60 

1.60  , 

1.60  I 

1.60 

1.60 

1.60 

1.60 

1.60  < 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 


1.60 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
2.00 
2. 20 
2.20 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 


Nov. 

Dec. 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.80 

1.90 

1.70 

1.90 

1.80 

1.90 

1.90 

1.90 

LOO 

1.90 

1.90 

1.90 

1.80 

1.90 

1.90 

1.90 

1.90 

1.90 

1.80 

1.90 

1.70 

1.90 

1.80 

1.00 

1.80 

1.90 

1.70 

1.90 

1.65 

1.90 

1.60 

1.90 

1.70 

2.00 

1.70 

2.00 

1.80 

2.10 

1.80 

2.10 

1.80 

2.00 

1.80 

2.00 

1.80 

2.00 

1.80 

2.00 

1.80 

2.00 

1.80 

2.00 

1.90 

1.90 

158 


OPERATIONS  AT   RIVER  STATIONS,  1887. 


LOGAN  STATION  ON  LOGAN  BITBR. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  IV, 
page  316,  is  located  in  the  river  canyon  about  2  miles  east  of  the  city 
of  Logan,  Utah.  The  gage  is  a  vertical  iron  post  set  firmly  into  the 
ground  and  graduated  to  tenths  of  a  foot.  The  equipment  consists 
of  a  cable,  car,  and  tag  wire.  The  observer  is  J.  S.  Pehrson,  living 
about  one-half  mile  from  the  gage.  The  bench  mark  is  a  stone  35  feet 
northeast  of  the  end  of  the  cable  on  the  north  side  of  the  riv^.  The 
elevation  is  14.01  feet  above  datum.  The  point  of  the  rook  and  the  letters 
^<  B.  M."  are  marked  with  red  paint.  The  following  discharge  measure- 
ments were  made  by  Samuel  Fortier  and  others  in  1807: 

May  7,  gage  height,  4.13  feet;  discharge,  1,210  second-feet. 
May  29,  gage  height,  4.60  feet;  discharge,  1,336  second-feet. 
June  17,  gf^ge  height,  4.15  feet;  discharge,  1,097  second- feet. 
July  20,  gage  height,  8.20  feet;  discharge,  478  second- feet. 
Jaly  26,  gage  height,  3.10  feet;  discharge,  413  second- feet. 
August  21,  gage  height,  2.85  feet;  discharge,  305  secoud-feet. 
August  30,  gage  height,  2.80  feet;  discharge,  298  second-feet. 
Septemher  13,  gage  height,  2.80  feet;  discharge,  284  second-feet. 
Novemher  12,  gage  height,  2.66  feet ;  discharge,  219  second-feet. 
Noyember  16,  gage  height,  2.66 feet;  discharge,  2}9 second-feet. 

Daily  gage  height,  in  feet,  of  Logan  Eiver  at  Logan,  Utah,  for  1S97. 


Day. 

Jan. 
2.46 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jnly. 

Ang. 

8.06 
8.05 
8.00 
8.00 
8.00 
8.00 
8.00 
8.05 
8.00 
8.00 
2.75 
2.75 
2.75 
2.05 
2.95 
2.96 
2.90 
2.90 
2.90 
2.00 
2.85 
2.85 
2.85 
2.86 
2.85 
2.85 
2.85 
2.85 
2.85 
2.80 
2.80 

Sept. 

Oct. 

Nov. 

Dec. 

2.G5 
2.65 
2.65 
2.60 
2.60 
2.60 
2.60 
2.60 
2.56 
2.60 
2.60 
2.60 
2.60 
2.60 
2.56 
2.55 
2.55 
2.55 
2.60 
2.60 
2.50 
2.50 
2.50 
2.46 
2.50 
2.50 
2.66 
2.50 
.2.66 
2.66 
2.60 

1 

» 

8.80 
8.90 
4.10 
4.20 
4.10 
4.20 
4.15 
8.96 
B.80 
3.80 
3.75 
3.80 
3.90 
4.10 
4.16 
4.20 
4.00 
4.20 
4.40 
4.00 
4.90 
4.76 
4.80 
4.80 
4.80 
4.80 
4.70 
4.55 
4.50 
4.56 
4.70 

4.75 
4.65 
4.45 
4.80 
4.26 
4.15 
4.15 
4.20 
4.20 
4.16 
4.10 
4.10 
4.05 
4.06 
4.06 
4.10 
4.00 
3.85 
8.80 
3.75 
3.76 
8.75 
8.75 
8.75 
3.70 
8.05 
3.85 
8.60 
8.65 
8.56 

8.50 
3.60 
3.66 
3.60 
8.46 
3.45 
8.46 
3.40 
8.86 
3.86 
8.80 
3.30 
3.25 
8.25 
8.26 
3.25 
3.25 
3.20 
3,20 
3.20 
3.20 
3.15 
3.15 
3.10 
8.10 
3.10 
3.10 
3.10 
3.05 
8.06 
3.06 

2.80 
2.80 
2.90 
2.86 
2.75 
2.76 
2.75 
2.75 
2.76 
2.75 
2.76 
2.75 
2.76 
2.76 
2.76 
2.76 
2.76 
2,75 
2.75 
2.75 
2.75 
2.76 
2.76 
2.80 
2.76 
2.75 
2.76 
2.75 
2.76 
2.75 

2.80 
2.80 
2.80 
2.80 
2.76 
2.75 
2.76 
2.75 
2.75 
2.75 
2.76 
2.76 
2.75 
2.75 
2.75 
2.75 
2.76 
2.76 
2.76 
2.76 
2.75 
2.75 
2.76 
2.80 
2.76 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 

2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.66 
2.66 
2.65 
2.70 
2.70 
2.70 
2.70 
2.66 
2.65 
2.65 
2.65 
2.66 
2.65 
2.66 
3.65 
2.66 
2.66 
2.66 
2.66 
2.66 
2.66 
2.66 
2.66 

2 

2.46 

8 

4 : :  - 

5 

2.45 

2.40 

6 

7 

8 

0 

10 

2.46 

2.50 

11 

12 

2.45 

2.40 

18 

14 

15 

2.75 
2.80 
2.06 
3.06 
3.40 
3.35 
8.15 
3.05 
2.95 
2.90 
3.00 
3.15 
8.35 
3.50 
8.70 
8.75 

16 

2.46 

17 

18 

19 

2.46 

2.40 

20 

21 

22 

28 

2.46 

24 

26 

28 

2.40 

2.60 

27 

28 :.::.::::: 

29 

30 

2.45 
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OOLLIN8TON  STATION  ON  BSAB  BIYBB. 

This  station,  described  in  the  Eighteenth  Annnal  Report,  Part  IV, 
page  319,  is  located  in  the  canyon  below  Cache  Valley,  Utah,  aboat  4 
miles  from  the  railroad  station  of  GoUinstoii  or  3  miles  east  of  the  town 
of  Fielding,  Utah.  The  observer  is  Robert  Anglesey,  who  is  the  ditch 
rider  of  the  Bear  River  Canal  and  lives  near  the  station.  The  gage 
consists  of  a  vertical  iron  rod,  graduated  to  tenths  of  a  foot.  The  bench 
mark  is  a  nail  in  an  oak  post  20  feet  west  of  the  gage  and  20  feet  north 
of  the  cable.  Its  elevation  is  7.35  feet  above  the  zero  of  the  gage. 
The  chief  source  of  error  at  this  station  is  the  large  rocks  which  are 
scattered  over  the  bed.  The  following  discharge  measurements  were 
made  in  1897  by  T.  H.  Humphreys  and  W.  B.  Dougall : 

May  3,  gage  height,  5.95  feet;  discharge,  8,344  seoond-feet. 
^^J  %  gf^^  height,  5.95  feet;  discharge,  8,445  second-feet. 
May  28,  gage  height,  6.60  feet ;  discharge,  10,241  second-feet. 
Jnne  19,  gage  height,  4.03  feet;  discharge,  3,822  second-feet. 
Jaly  28,  gage  height,  1.80  feet ;  discharge,  1,274  second-feet. 
Augast  16,  gage  height,  1.70  feet ;  discharge,  1,084  second-feet. 

Daily  gage  height,  in  feet,  of  Bear  Birer  at  Collinetan,  Utah,  far  1897. 


Day. 

Jan. 

Feb. 

Max. 

Apr. 

May.  June. 

July. 

Aug. 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.66 
1.66 
1.65 
1.60 
1.60 
1.60 
1.60 
1.60 
1.56 
1.56 
1.55 
1.55 
1.50 
1.50 
1.60 
1.55 

Sept 

Oct. 

Nov. 

Dec. 

1.85 
1.85 
1.85 
1.85 
1.95 
1.96 
1.96 
1.95 
2.06 
2.06 
2.06 
2.16 
2.25 
2.20 
2.25 
2.25 
2.25 
2.20 
2.20 
2.20 
2.30 
2.10 
2.45 
2.40 
2.65 
2.60 
2.80 
2.20 
2.15 
2.15 
2.20 

1 

2.00 

*2.*66" 
*2.'66' 

2.00 

2.60 
2.40 
2.30 
2.60 
8.00 
8.40 
8.50 
3.60 
8.80 
4.00 
4.60 
5.00 
4.80 
4.80 
4  80 
4.80 
4.80 
5.00 
5.20 
6.40 
5.60 
6.70 
5.90 
6.1U 
5.80 
5.70 
5.70 
5.80 
5.00 
5.96 

6. 00  6. 30 
6.  OU  6. 20 
6. 90  6. 10 

3.00 
3.00 
8.00 
2.96 
2.90 
2.85 
2.80 
2.65 
2.55 
2.50 
2.45 
2.40 
2.B5 
2.30 
2.20 
2.15 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

1.60 
1.60 
1.60 
1.65 
1.70 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.85 
1.85 
1.85 
1.85 
1.90 
1.85 
1.86 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1  80 
1.85 
1.85 
1.90 

1.90 
1.90 
1.90 
1.85 
1.85 
1.90 
2.00 
2.10 
2.15 
2.20 
2.25 
2.30 
2.36 
2.40 
2.45 
2.50 
2.50 
2.50 
2.45 
2.45 
2.50 
2.50 
2.50 
2.50 
2.50 
2.45 
2.45 
2.40 
2.35 
2.30 
2.20 

2.20 
2.10 
2.10 
2.10 
2.10 
2.00 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
1.90 
1.90 
1.90 
1.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.85 
1.90 
1.85 

2 

2.00 

8 

4 

1.60 

2.00 

6.00 
6.00 
6.20 
6.40 
6.60 
6.60 
6.40 
6.20 
6.10 
6.00 
6.00 
6.00 
0.10 
6.15 
6.20 
6.30 
6.50 
6.60 
6.70 
6.80 
6.80 
6.80 
0.80 
6.70 
6.70 
6.60 
6.55 
6.40 

6.00 
5.90 
5.80 
6.60 
6.40 
5.20 
5.10 
6.00 
4.90 
4.90 
4.80 
4.60 
4.70 
4.60 
4.40 
4.20 
4.00 
8.80 
3.60 
8.60 

6 

0 

1.80 

2.00 

7 

8 

2.10 

2.00 

9 

2.20 

10 

2.20 

i'oo' 

2.00 

'i"o6' 
*2.'o6* 

2.00 

*2.'66' 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.20 
2.20 
2.60 
3.00 
2.80 

11 

12 

2.10 

13 

14 

2.20 

16 

18 

17 

2.00 

18 

2.00 

19 

ao 

21 

1.90 

2.00 

82 

2.66 
ioo" 

28 

2.00 
2.00 

24 

3.40  '  2.00 
3. 80  2. 00 
3. 20  2. 00 
3. 10  .  1. 90 
3.05  ;  1.85 
3. 00  1. 80 

25 

26 

27 

2.00 

'i"66* 

28 

2.00 

29 

30 

2.00 

3.00 

1.75 
1.70 

81 
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OaDEN  STATION  ON  OODEN  BIVBB. 

This  station,  described  iu  the  Eighteenth  Annual  Eeport,  Part  lY, 
page  316,  was  located  about  10  miles  east  of  the  city  of  Ogden,  Utah, 
at  the  upper  end  of  the  canyon.  Owing  to  the  presence  of  the  dam  of 
the  Pioneer  Electric  Power  Company,  constructed  in  1896,  just  below  this 
location,  water  was  backed  up  and  ponded  around  the  gage.  In  the 
spring  of  1897,  therefore,  the  station  was  moved  down  the  river  5  miles 
to  near  a  powder  mill  in  the  canyon.  The  station  is  equipped  with 
cable,  car  and  tag  wire.  The  gage  is  inclined  and  divided  into  tenths 
of  a  foot.  The  bench  mark  is  a  point  on  a  quartzite  ledge,  one  foot 
above  the  ground,  at  edge  of  county  road,  37  feet  west  and  25  feet  south 
of  gage,  and  its  elevation  is  11.14  feet  above  the  zero.  The  observer  is 
Frank  Hart.  The  following  discharge  measurements  were  made  in  1897 
by  Samuel  Fortier  and  W.  B.  Dougall. 

May  11,  gage  height,  6.69  feet;  discharge,  1,890  seoond-feet. 
May  26,  gage  height,  5.79  feet;  discharge,  1,423  second-feet 
June  2,  gage  height,  4.79  feet;  discharge,  682  second-feet. 
June  26,  gage  height,  3.25  feet;  discharge,  170  second-feet. 
July  30,  gage  height,  2.80  feet;  discharge,  74  second-feet. 
September  15,  gage  height,  2.61  feet;  discharge,  51  second-feet. 
October  15,  gage  height,  2.68  feet;  discharge,  78  second- feet. 

• 
Daily  gage  Iteight,  in  feet,  of  Ogden  Biver  near  Ogden,  Utah,  for  1897. 


Day. 

Jan. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dee. 

1 

4.90 
4.80 
4.70 
4.50 
4.50 
4.40 
4.40 
4.40 
4.80 
4.20 
4.10 
4.00 
8.90 
8.90 
3.80 
4.10 
3.90 
3.00 
8.90 
3.00 
3.00 
3.80 
8.70 
8.60 
3.60 
3.60 
3.40 
3.40 
3.40 
3.60 

8.60 
3.50 
3.40 
3.30 
3.80 
8.30 
3.20 
3.20 
3.20 
3.10 
3.00 
8.00 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 

2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 

2.eo 

2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.00 
2.60 
2.60 
2.60 
2.60 

2.60 
2.60 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.00 
2.60 
2.60 
2.60 
2.60 
2.70 
2.60 

2.80 
2.70 
2.70 
2.70 
2.60 
2.70 
2,70 
2.70 
2.70 
2.70 
2.70 
2.80 
2.70 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 

2.70 
2.70 
2.70 
2.70 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.80 
2.70 
2.70 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 

2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.70 
2.60 
2.90 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.50 
2.50 
2.40 
2.40 
2.60 
2.40 
2.50 
3.40 
2.90 
2.30 
2.60 
2.00 
2.60 
2.60 

2 

3 

4 

6 

6 

7 

3.45 

8  .., 

9 

10 

6.70 
6.70 
0.60 
6.60 
6.80 
7.10 
6.80 
6.60 
6.40 
6.50 
7.10 
6.80 
6.40 
6.20 
6.10 
5.90 
6.80 
6.50 
6.20 
5.20 
5.10 
5.00 

11 

12 

18 

14 

2.80 

16 

16 

17 

18 

19 

20 

21 

22 

3.00 

23 

24 ^ 

25 

26 

27 

2.70 

28 

29 

30 
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UINTA  STATION  ON  WEBER  RIVER. 


This  station,  described  in  the  Eighteenth  Annual  Eeport,  Part  lY, 
page  323,  is  located  near  the  watchman's  house  at  the  Union  Pacific 
Bailroad  bridge,  5  miles  east  of  Uinta,  Utah.  The  observer  is  Morgan 
Flaherty,  post-office  address,  Uinta,  Utah.  The  gage  consists  of  a 
horizontal  timber,  4  by  4  inches  by  16  feet  long,  fastened  to  two  ver- 
tical posts  set  in  the  ground  at  the  edge  of  the  bank  of  the  river,  with 
one  end  of  the  timber  projecting  oat  over  the  water.  On  this  hori- 
zontal timber  is  placed  a  wire  gage.  The  bench  mark  consists  of  a 
spike  driven  into  the  iirst  telegraph  pole  up  the  canyon  from  the  gage, 
and  its  elevation  is  17.44  feet  above  gage  datum.  The  following  dis- 
charge measurements  were  made  in  1897  by  W.  B.  Dougall  and  others: 

April  29,'gage  height,  5.40  feet;  discharge,  3,760  seoond-feet. 
May  12,  gage  height,  5.25  feet;  discharge,  3,662  second-feet. 
May  27,  gage  height,  4.95  feet;  discharge,  3,281  second-feet. 
June  24,  gage  height,  2.20  feet;  discharge,  805  second-feet. 
July  29,  gage  height,  1.12  feet;  discharge,  149  second-feet. 
September  16,  gage  height,  1.40  feet;  discharge,  250  second-feet. 
October  15,  gage  height,  1.83  feet;  discharge,  433  second-feet. 

Daily  gage  height,  in  feet,  of  Weber  Biver  at  Uinta,  Utah,  for  1897, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June.  Ja]y. 

1 

Ang.  Sept. 

Oct. 

1.60 
1.60 
1.65 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 

Nov. 

I>ec. 

1 

2 

1.50 

• •• • • • 

1.50 

"i.'ii* 

2.10 
2.20 
2.20 
2.45 
2.65 
2.75 
2.75 
2.70 
2.95 
3.50 
3.45 
3.65 
3.80 
3.85 
4.05 
4.50 
4.60 
4.85 
5.80 
5.70 
5.35 
4.90 
4.50 
4.05 
3.85 
4.10 
4.70 
5.15 
5.40 

5.55 
6.65 
5.80 
6.10 
6.45 
6.65 
6.90 
6.75 
6.25 
5.65 
5.40 
5.30 
5.50 
5.80 
5.90 
5.85 
5.65 
5.65 
5.65 
5.85 
5.75 
5.75 
5.55 
5.55 
5.50 
5.25 
4.95 
4.45 
4.25 
4.45 
4.50 

4.40 
4.40 
3.85 
3.55 
3.85 

1.20 

1.20 
1.10 
1.20 
1.20 

1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1. 10 

i.io 

1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 

1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 

1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.00 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.45 
1.50 
1.45 
1.40 
1.40 
1.40 

3 

4 

5 

1.50 

1.50 

1.40 

6 

3.70     1.20 
3. 45     1.  20 

7 

8 

9 

10 

i.56' 

>i.eo 

1.50    

3.05 
2.90 
2.90 
2.90 
2.75 
2.80 
2.70 
2.65 
2.60 
2.60 
2.60 
2.60 
2.45 
2.30 
2.30 
2.20 
2.10 
2.10 
2.10 
1.90 
1.65 
1.55 
1.45 

1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 

11 

12 

13 

...... 

1.50 

1.00 

14 

15 

1.50 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.60 
1.75 
1.80 
1.85 
2.10 
2.50 
2.70 
2.75 
2.60 
2.10 
2.10 

1« 

17 

"i'w' 

18 

19 

ao 

1.40 
1.40 

'lw 

21 

22 

23 

24 

i.'io' 

'i.46 

•  •  •  a  •  . 

25 

1.50 

1.40 

1. 10  ,  1. 30 
1.10  ,  1.35 

28 

27 

■••••• 

1.10 
1.10 
1.10 
1.10 
1.10 

1.40 
1.40 
1.55 
1.60 

28 

29 

30 

31 

1.50 
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PROVO  STATION  ON  PROVO  RIVER. 

This  station,  described  iu  the  Eighteenth  Annual  Report,  Part  lY, 
page  325,  is  located  in  the  canyon  about  G  miles  from  the  city  of  Provo, 
Utah.  The  observer  is  Henry  V.  Smith,  a  farmer.  The  gage  is  inclined 
and  fastened  to  stakes  set  iu  the  ground.  The  bench  mark  is  a  stone 
firmly  bedded  in  a  bank  near  the  wagon  road^  about  100  feet  southwest 
of  the  gage.  It  is  marked  ^^B.  M."  in  black  paint,  and  is  6.95  feet 
above  the  zero  of  the  gage.  The  banks  are  medium  high.  The  chan- 
nel is  straight  for  some  distance  above  and  below  the  station.  The  bed 
of  the  river  is  gravelly  and  the  velocity  is  medium  swifL  The  follow- 
ing discharge  measurements  w^ere  made  in  1897  by  W.  B.  Dougall : 

May  7,  gage  height,  6.25  feet ;  discharge,  1,818  second-feet. 
May  14,  gage  height,  6.06  feet;  discharge,  1,681  second-feet. 
May  24,  gage  height,  6.53  feet;  discharge,  2,454  second-feet. 
June  4,  gage  height,  5.35  feet;  discharge,  1,167  seoond  feet. 
June  21,  gage  height,  4.60  feet;  discharge,  564  second-feet. 
August  7,  gage  height,  4.10  feet;  discharge,  306  second-feet. 
November  26,  gage  height,  4.40  feet;  discharge,  436  second-feet. 

Daily  gukge  heighty  in  feet,  of  Provo  Eiver  at  Provo  Canyon,  Utah,  for  1897, 


Day. 


Jan. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 
17. 
18. 
19. 


21.. 

22., 

28.. 

24.. 

26. 

26. 

27. 

28. 

29. 

80. 

81. 


Feb. 


Mar. 


4.40 


4.40 


4.30 


4.80 


4.60 


4.60 


4.80 
4.60 


4.40 


Apr. 


4.40 


4.40 


4.40 


4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
5.00 
5.00 
5.00 
5.00 
6.00 
5.00 
5.00 
5.40 
5.40 
6.60 
5.60 
5.40 
5.00 
5.00 
5.10 
5.20 
6.80 
5.40 
5.60 
5.60 


May. 


June. 


6.60 
5.70 
5.80 
5.90 
5.90 
6.00 
6.10 
6.10 
6.20 
6.20 
5.90 
5.80 
6.00 
6.00 
6.20 
6.10 
6.10 
6.20 
6.30 
6.80 
6.40 
6.50 
6.50 
6.60 
6.60 
6.50 
6.50 
6.40 
6.40 
6.10 
6.00 


5.80 
5.80 
5.60 
5.60 
5.40 
5.20 
6.10 
5.10 
6.10 
5.10 
5.00 
5.00 
5.00 
5.00 
4.90 
4.9G 
4.00 
4.90 
4.90 
4.80 
4.80 
4.60 
4.50 
4.40 
4  30 
4.30 
4.30 
4.30 
4.30 
4.30 


July. 


4.30 
4.30 
4.30 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4  20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 


Aug. 


4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.0O 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 


Sept 


4.00 
4.00 
4.00 
4.00 
LOO 
4.00 
4.00 
4.00 
4.00 
4.00 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.20 
4.20 
4.40 


Oot. 

Nov. 

Dnc 

4.40 

4.50 

4.40 

4.40 

4.50 

4.40 

4.40 

4.50 

4.40 

4.40 

4.50 

4.40 

4.40 

4.50 

4.40 

4.40 

4.50 

4.40 

4.40 

4.50 

4.40 

4.40 

4.50 

4.30 

4.40 

4.50 

4.30 

4.40 

4.60 

4.30 

4.40 

4.50 

4.  SO 

4.40 

4.50 

4.80 

4.40 

4.60 

4.30 

4.40 

4.80 

4.30 

4.40 

4.30 

4.30 

4.40 

4.30 

4.  SO 

4.50 

4.30 

4.30 

4.60 

4.30 

4.30 

4.50 

4.80 

4.80 

4.50 

4.80 

4.30 

4.50 

4.40 

4.30 

4.50 

4.40 

4.30 

4.50 

4.40 

4.30 

4.50 

4.40 

4.80 

4.60 

4.40 

4.30 

4.50 

4.40 

4.80 

4.60 

4.40 

4.30 

4.50 

4.40 

4.30 

4.50 

4.40 

4.30 

4.50 

4.40 

4.80 

4.50 

4.  no 

1 

D&AINAQE   BASIN   OF   GREAT   SALT   LAKE. 
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QENEYA  STATION  ON  UTAH  LAKE. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  327,  is  located  at  Geneva,  Utah,  3  miles  south  of  American  Fork, 
at  the  lower  end  of  the  lake.  The  gage  consists  of  a  vertical  rod  driven 
into  the  sand  at  the  southern  end  of  a  bathhouse,  and  nailed  iirmly  to 
the  floor  of  the  house.  The  bench  mark  of  the  lake  commissioners,  a 
sandstone  monument  at  the  edge  of  the  bluff  and  opposite  the  south 
end  of  the  pavilion,  is  18.644  feet  above  gage  datum,  which  was  placed 
4  feet  below  ^< compromise  point."  The  observer  is  John  Bailing  jiost- 
office  address,  Pleasant  Grove,  Utah. 

Daily  gage  height,  in  feet,  of  Utah  Lake  at  Geneva,  Utah,  for  1897. 


2. 
3. 

4. 
5. 


8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30 
31. 


Day. 


Jan. 


1.35 


Feb.  Mar. 


1.35 


1.40 


1.40 
1.40 


1.40 


1.40 


1.40 
1.40 


1.40 


1.42 


1.45 
1.45 

i.'iV 

'i.'45 

i'.io 


1.56 

i.*58 


1.68 

i.'io" 


1.40 

i.io' 


1.40 
i*45 


1.80 
1.85 


1.82 
'i."«2' 

i.'S' 

1.88 


1.00 


1.00 


1.70 
i.'76 
'i.*80 

'i-'eo 


Apr.  May. 


1.80 


1.80     2.05 
i.' 85"  1*2.' 30* 


1.90 


2.40 


1.00 


2.50 


1. 90     2. 55 

Lio" '.!!'!! 


2.60 

1.90    

1.05     2.65 


2. 00     2. 40 


2.10 

"2.'io' 
2.' is* 

'2.*20" 


2.45 

i'ao' 
i'so" 


2.80 


June. 'July. 


2.80     2.00 


2.45 


2.70 


2.70 


2.66 
2.' 65* 


2.40 

i'io' 

2.*  56' 


2.40 
2*46' 

'2*35' 
2.'85" 
'i'20 


2.00 


2.00 


1.90 


1.90 

i'.io 
i'/ih' 


1.70 
i.'65 


1.65 
L55 

i.'w 
l'so" 

i.'40 


Aug. 


1.40 
i."40" 


1.30 

i.'so' 


1.30 
1*26' 


1.15 

i."io' 


1.10 
1.00 

"i.*o6" 
'.'95 

".'96' 


Sept. 


0.80 


.80 
.76 


.75 
'.'76' 


.60 
'.'55' 
'.'50' 


.50 
.'56" 


.40 
'.'46' 

".'io" 

'.'40' 
.40 


Oct. 


0.40 


.40 
.35 


.40 

".'io' 
."35' 


.40 
.45' 

.50 


.55 

."50 

.*60 

".'60 


Nov. 


0.55 
"."55' 


.60 


.00 


.60 
".*55 


.55 

'.'oo" 
".'eo' 


.65 
.70 

".'76' 


Dec. 


0.70 


.75 
'.iib' 


.90 
".'96' 


90 
,96' 


.90 

'.'95' 

"'.'95' 

'"."95' 
1.00 
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POCATELLO  STATION  ON  PORTNEUP  BIVEB. 

This  station  is  located  at  the  wagon  bridge,  one-eighth  of  a  mile 
below  plant  of  the  Pocatello  Electric  Power  Company  at  Pocatello, 
Idaho.  It  was  established  May  18, 1897,  by  G.  H.  Kickerson.  The 
rod  is  vertical  and  securely  spiked  to  center  pier  of  bridge.  The  bench 
mark  is  a  spike  driven  into  the  end  of  a  log  in  the  east  abutment  of 
bridge  and  is  opposite  the  13-foot  mark.  The  channel  above  the  sta- 
tion is  carved,  while  below  it  is  straight.  The  right  bank  is  high,  bat 
the  left  is  liable  to  overflow  at  a  12-foot  gage  height  The  bed  of  the 
stream  is  rocky.  The  current  is  sluggish  at  low  stages.  The  observer 
is  John  A.  Lillibridge,  engineer  at  the  power-house.  The  following 
discharge  measurements  were  made  by  6.  H.  Xickerson  and  F.  J.  Mills 
in  1897 : 

May  20,  gage  height,  12.70  feet;  discharge,  1,847  second-feet. 
July  29,  gage  height,  6.95  feet;  discharge,  123  second-feet. 

Daily  gage  height,  infect,  of  Partneuf  Miver  at  Pocatello,  Idaho,  for  1897, 


Day. 

May. 

Judo. 

Jnly. 

Aug. 

Sept. 

Day. 

May. 

June. 

July. 

Aug. 

Sept. 

1 

10.70 

10.60 

10.50 

10.30 

10.10 

9.fl0 

9.70 

9.50 

9.30 

9.30 

9.10 

9.00 

8.90 

8.80 

8.60 

8.40 

7.80 
7.70 
7.80 
7.70 
7.70 
7.70 
7.90 
7.80 
7.70 
7.50 
7.50 
7.50 
7.40 
7.40 
7.40 
7.40 

6.90 
6.90 
6.90 
6.90 
6.00 
6.90 
6.90 
6.80 
7.00 
6.90 
6.90 
6.90 
6.90 
6.90 
6.90 
6.80 

6.80 
6.80 
6.80 
7.00 
7.10 
7.10 
7.10 
7.00 
6.90 
7.10 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 

17 

8.20 
8.00 
8.00 
8.00 
8.00 
7.90 
8.00 
8.10 
8.00 
8.00 
8.00 
8.00 
8.00 
7.90 

••••••  • 

7.40 
7.50 
7.80 
7.80 
7.20 
7.20 
7.00 
7.00 
7.00 
7.00 
6.90 
7.00 
6.90 
6.90 
6.90 

6.80 
6.80 
7.10 
7.00 
7.00 
7.00 
6.90 
6.90 
6.60 
6.70 
6.80 
0.80 
6.80 
6.80 
6.80 

7.00 
7.00 
7.00 
7.00 
6.90 
6.00 
6.90 
7.00 
7.00 
7.00 
7.00 
7.10 
7.10 
7.30 

2 

3 

18 

12.80 
12.70 
12.70 
12.70 
12.70 
12.70 
12.50 
12.40 
12.20 
11.90 
11.60 
11.40 
11.20 
10.90 

19 

4 

20 

5 

21 

6 

22 

7 

23 

8 

24 

9 

25 

10 

26 

11 

27 

12 

28 

13 

29 

14 

30 

15 

31 

16 

1 

DRAINAGE   BASIN  OF   COLUMBIA  BIYEB. 
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MONTGOMEBY  STATION  ON  SNAKE  BIYEB. 

This  station,  described  in  the  Eighteenth  Annoal  Report,  Part  lY, 
page  334,  is  located  at  Montgomerys  Ferry,  12  miles  from  Minidoka, 
Idaho,  from  which  it  is  reached  by  stage.  The  gage  is  inclined  and 
fastened  to  posts  set  in  the  ground.  The  bench  mark  is  the  head  of  a 
spike  in  the  east  post  of  the  tool  house,  1.2  feet  above  the  ground  and 
52  feet  west  of  the  gage.  Its  elevation  is  17.50  feet  above  datum.  The 
letters  <^B.  M.''  are  marked  in  black  paint  on  the  post.  The  river  is 
800  feet  wide  at  the  section,  with  a  hard  gravel  bottom.  The  observer 
is  George  Montgomery,  the  ferryman.  The  following  are  the  discharge 
measurements  as  made  from  the  ferryboat  in  1897  by  Gyrus  G.  Babb 
and  G.  H.  iNickerson : 

April  29,  gage  height,  4.63  feet;  discharge,  9,473  seoond-feet. 
Jane  8,  gage  height,  9.90  feet;  discharge,  36,276  second-feet. 

Daily  gage  heighiy  in  feet,  of  Snake  Biver  at  Montgomerys  Ferry,  Idaho,  for  1897, 


Day. 
1.. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Day. 

Apr. 

May. 

June. 

July. 

Ang. 

Sept. 

5.15 
5.45 
5.70 
0.06 
6.45 
7.20 
7.76 
&25 
&80 
9.15 
9.15 
8.85 
8.76 
8.96 
9.15 
9.35 

12.15 

12.06 

12.00 

12.15 

12.10 

11.00 

10.80 

0.96 

9.40 

9.15 

9.35 

9.50 

9.35 

9.06 

8.90 

8.90 

6.00 
5.90 
5.80 
5.80 
5.90 
6.06 
6.15 
5.05 
5.65 
6.45 
5.30 
5.16 
5.06 
4.S6 
4.80 
4.70 

8.25 
3.20 
3.20 
8.20 
3.20 
3.10 
3.00 
3.00 
8.00 
3.00 
2.90 
2.90 
2.90 
2.80 
2.80 
2.80 

2.60 
2.60 
2.60 
2.50 
2.60 
2.60 
2.70 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 

17... 
18... 
19... 
20... 
21... 
22... 
23... 
24... 
26... 
26.:. 
27... 
28... 
29... 
30... 
31... 

3.20 
3.30 
3.45 
3.76 
3.96 
4.30 
4.55 
4.60 
4.45 
4.80 
4.20 
4.30 
4.60 
4.96 

9.75 
10.20 
10.45 
10.66 
10.85 
11.06 
11.45 
11.85 
12.10 
12.25 
12.45 
12.55 
12.60 
12.60 
12.36 

• 

8.90 
8.85 
8.76 
8.60 
8.15 
7.66 
7.26 
7.05 
6.85 
6.70 
6.56 
6.35 
6.15 
6.10 

4.70 
4.60 
4.50 
4.45 
4.36 
4.26 
4.15 
4.00 
3.85 
3.75 
8.70 
8.65 
3.60 
3.50 
8.40 

2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.65 
2.60 
2.60 
2.60 
2.60 
2.60 

2.70 
2,70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.75 

2.. 

3.. 

4.. 

5-. 

6.. 

7.. 

S.. 

9.. 

10.. 

11.. 

12.. 

13.. 
14.. 

15.. 
16.. 

3.10 
3.20 

TOPONIS  STATION  ON  MAL.AD  AND  LITTLE  WOOD  BIYBBS. 

This  station,  described  in  the  Eighteenth  Annual  Keport,  Part  lY, 
page  3S6y  was  established  on  Jane  2, 1896,  on  Malad  and  Little  Wood 
rivers,  at  the  wagon  bridges  near  the  railroad  station  of  Toponis,  Idaho. 
On  the  Malad  Biver  the  rod  of  the  wire  gage  is  fastened  to  the  stringer 
of  the  bridge,  upper  side.  The  5-foot  mark  is  opposite  the  center  ver- 
tical. The  distance  from  the  end  of  the  weight  to  the  index  marker  is 
13.60  feet.  The  outside  edge  of  the  pulley  wheel  is  1  foot  from  the 
zero  of  the  rod.  The  bed  of  the  river  is  of  gravel,  and  not  liable  to 
change.  During  low  stages  the  water  is  confined  under  the  south 
span,  but  in  floods  it  is  under  the  two  spans.  The  banks  are  not  subject 
to  overflow.  The  bridge  over  the  Malad  is  one-half  mile  north  of  rail- 
road station. 

IBB  16— 6 
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On  the  Little  Wood  River  the  station  is  one-half  mile  soath  of  the 
railroad.  The  rod  is  fastened  to  the  floor  of  the  bridge,  the  1.8-foot 
mark  being  opposite  the  iron  vertical  on  the  upper  side  of  the  bridge. 
The  distance  from  the  end  of  the  weight  to  the  index  marker  is  10.37 
feet.'  The  distance  from  the  end  of  the  rod  to  the  outside  edge  of  the 
pulley  wheel  is  1.97  feet.  The  channel  is  good  and  not  obstructed  by 
piers,  but  the  banks  overflow  during  flood  stages.  The  observer  is 
Will  Hickman.  The  following  discharge  measurements  were  made  by 
Or.  H.  Nickerson  and  F.  J.  Mills  in  1897: 

Malad  River: 

May  21,  gage  height,  7.50  feet;  discharge,  4,437  second- feet. 
July  31,  gage  height,  2.80  feet;  discharge,  81  second-feet. 

Little  Wood  River : 

May  21,  gage  height,  7.30  feet ;  discharge,  487  second-feet. 

Daily  gage  height,  in  feet,  of  Malad  River  at  Toponin,  Idaho,  for  1897, 


Day. 


June. '  July. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


5.60 
5.60 
5.60 
5.50 
5.20 
5.00 
4.90 
4.50 
4.20 
4.40 
4.20 


4.00 
4.20 
4.30 
4.10 
3.90 
3.70 
8.50 
3.50 
3.50 
3.50 
3.40 
3.30 
3.30 


Aug. 

Sept. 

Oct. 

2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.60 
2.60 
2.00 
2.60 
2.50 
2.50 
2.40 
2.60 
2.50 

2.40 
2.50 

17, 

18 

19 

20 

21 

22 

23 

24 

25 

20 

27 

28 

29 

30 

31 


4.00 
3.80 
3.50 


3.30 
3.40 
3.30 
3.20 
8.80 
3.30 
8.20 
3.30 
3.20 
3.00 
3.00 
2.90 
2.90 
2.90 
2.80 


2.60 
2.50 
2.50 
2.50 
8.50 
2.40 
2.80 
2.20 
2.00 
2.00 
2.00 
2.00 


2.00 
2.10 
2.30 
2.30 
2.80 
2.20 
2.80 
2.20 
2.40 
2.40 
2.40 
2.50 
2.50 
2.40 


Daily  gage  height,  in  feet,  of  Little  Wood  River  at  Toponis,  Idaho,  for  1897. 


Day. 

June. 

July. 

2.30 
2.20 
2.40 
2.20 
2.00 
1.90 
1.90 
1.70 
1.50 
1.30 
1.20 
1.20 
1.10 
1.10 
1.00 
1.00 

Aug. 

1.20 
1.10 
1.00 
1.00 
1. 00 
1.00 
1.00 
1.00 
1.20 
1.20 
1.30 
1.20 
1.20 
1.10 
1.30 
1.80 

Sept. 

Oct. 

Day. 

June. 

July. 

Aug. 

S«pt 

I 
Oct. 

1 

2.60 
2.30 
2.40 
2.40 
2.30 
2.20 
2.20 
2.30 
2.40 
2.50 
2.60 
2.60 
2.70 
2.80 
2.90 
2.90 

3.70 
3.8U 

17 

4.80 
3.60 
3.80 
3.20 
3.00 
3.40 
3.70 
8.90 
4.00 
4.10 
4.20 
4.40 
3.60 
3.50 

1.30 
1.10 
1.20 
1.80 
1.20 
1.20 
1.20 
1.10 
1.30 
1.20 
1.20 
1.20 
1.20 
1.20 
1.30 

1.20 
1.20 
1.40 
1.40 
1.40 
1.40 
1.30 
1.40 
1.50 
2.00 
2.00 
2.20 
2.80 
2.00 
2.80 

2.90 
8.00 
3.10 
3.00 
3.20 
8.30 
3.30 
8.30 
3.40 
3.40 
8.50 
3.40 
8.50 
3.00 

1 
\ 

2 

18 

\ 

3 

19 

-  -1 

4 

20 

..   .  .     1 

5 

21 

6 

6.50 
6.50 
5.50 
4.80 
4.60 
4.20 
4.00 
4.00 
3.80 
4.20 
4.00 

22 

7 

28 

8 

24 

9 

26 

1 

10 

26 

11 

27 

12 

28 

....         1 

13 

29 

14 

80 

15 

31 



16 

\ 

1 
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GBANDYIEW  STATION  ON  BRUNEAU  RITEB. 

This  station  is  described  in  the  Eighteenth  Aunual  Beport,  Part  lY, 
page  339.  The  point  of  measurement  is  10  miles  east  of  Grandview, 
IdahOy  below  the  head  of  the  Bnineaa  ditch.  Observations  of  gage 
height  are  regularly  kept,  and  estimates  of  discharge  are  made  from 
them  by  A.  J.  Wiley,  chief  engineer  of  the  Owyhee  Land  and  Irrigation 
Company.    G.  G.  Gregg  is  the  observer. 

Daily  gage  hMght,  in  feet,  of  Bruneau  River  at  GrandvieWf  Idaho,  far  1897, 


Day. 

Jan. 

1.60 
1.60 
1.55 
1.55 
1.65 
1.55 

i.ao 

1.55 
1.55 
1.55 
1.60 
1.50 
1.50 
1.60 
1.60 
1.60 
1.60 
1.00 
1.50 
1.50 
1.60 
1.70 
1.70 
1.65 
1.65 
1.60 
1.60 
1.50 
1.55 
1.60 
1.70 

Feb. 

1.65 
1.65 
1.65 
1.65 
1.70 
1.95 
2.70 
2.20 
2.05 
1.95 
1.80 
1.80 
1.80 
1.70 
1.60 
1.80 
1.70 
1.65 
1.65 
1.65 
1.65 
1.65 
1.70 
1.65 
1.65 
1.65 
1.65 
1.65 

1 
Maf . ;  Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Xov. 

1.60 
1.65 
1.70 
1.65 
1.60 
1.60 
1.70 
L65 
1.66 
1.60 
1.66 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.76 
1.75 
1.75 
1.86 
1.85 
1.80 
1.80 
1.76 
1.70 
1.65 
1.70 

Deo. 

1 

1.70 
1.70 
1.70 
1.70 
1.70 
t70 
1.75 
1.75 
1.70 
1.65 
1.65 

2.30 

4.80 

4.45 
4.20 
4.00 
3.65 
8.60 
3.50 
3.40 
3.50 
3.45 
3.60 
3.45 
3.35 
3.30 
8.80 
8.80 
3.25 
8.15 
3.10 
3.00 
2.90 
2.80 
2.66 
2.60 
2.60 
2.60 
2.60 
2.50 
2.50 
2.55 
2.20 

2.40 
2.40 
2.40 
2.35 
2.35 
2.30 
2.20 
2.15 
2.15 
2.10 
2.10 
2.00 
1.96 
2.00 
2.00 
2.00 
1.95 
1.00 
1.90 
1.90 
1.86 
1.80 
1.66 
1.60 
1.60 
1.65 
1.55 
1.50 
1.46 
1.45 

1.45 

« 

1.40 
1.40 
1.50 
1.50 
1.40 
1.35 
1.35 
1.30 
1.30 
1.30 
1.30 
1.30 
1.80 
1.30 
1.85 
1.25 
1.26 
1.25 
1.25 
1.26 
1.05 
1.10 
1.10 
1.10 
1.10 
1.10 
1.15 
1.10 
1.15 
1.16 
1.15 

1.16 
1.15 
1.16 
1.15 
1.15 
1.15 
1.15 
1.15 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.26 
1.25 
1.25 
1.26 
1.80 
1.30 
1.30 
1.30 
1.30 
1.30 
1.80 
1.30 
1.30 
1.30 
1.30 
1.30 

1.30 
1.30 
1.30 
1.35 
1.35 
1.35 
1.40 
1.40 
1.40 
1.50 
1.65 
1.65 
1.60 
1.65 
1.60 
1.60 
1.65 
1.65 
1.60 
1.60 
1.60 
1.60 
1.60 
1.65 
1.65 
1.65 
1.06 
1.66 
1.65 
1.65 
1.66 

1.75 
1.70 
1.70 
1.65 
1.65 
1.65 
1.76 
1.80 
1.80 
1.75 
1.80 
1.80 
1.80 
1.85 
1.85 
1.80 
1.70 
1.75 
1.70 
1.80 
1.70 
1.75 
1.70 
1.70 
1.70 
1.75 
1.70 
1.80 
1.76 
1.70 
1.70 

2 

2.25     4.75 
2.30     4.90 
2.25     5.00 
2.65     5.10 
3.50  !  5.30 

3 

4 

5 

6 

7 

8.75 
3.45 
3.10 
3.60 
4.40 

5.50 
5.60 
5.25 
4.70 
4.50 
4.45 
4.36 
4.40 
4.65 
4.60 
4.65 
4.80 
5.00 
5.15 
6.35 
6.65 
5.50 
5.65 
5.45 
6.10 
4.70 
5.10 
4.70 
4.50 
4.60 

8 

9 

10 

11 

12 

1. 65     5. 00 

13 

1.60 
1.50 
1.65 
1.60 
1.65 
1.65 
1.65 
1.65 
1.65 
1.60 
1.60 
1.60 
1.65 
7.00 
7.00 
4.00 
3.60 
2.80 
2.55 

4.50 
4.60 
4.60 
4.66 
4.80 
6.10 
5.50 
6.00 
5.76 
5.16 
4.60 
4.00 
3.70 
3.80 
4.00 
4.60 
4.80 
5.00 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

30 

31 
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BOISE   STATION   ON  BOISE  RIYER. 

This  station,  as  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  340,  is  located  about  9  miles  above  Boise,  Idaho,  at  the  mouth  of 
the  canyon.  April  18  the  river  cut  into  the  right  bank  of  the  station, 
carrying  out  the  cable  and  leaving  the  gage  on  a  small  island,  so  that 
the  record  after  that  date  is  unreliable.  A  temporary  gage  was  there- 
fore established  May  12  at  the  Broadway  Bridge,  at  Boise,  and  a 
record  kept  by  it  until  June  17,  when  a  new  gage  was  again  placed  in 
the  canyon  1  mile  above  the  old  location.  The  inclined  rod  is  firmly 
attached  to  a  cottonwood  tree.  The  bench  mark  is  a  20-penny  spike 
in  the  upstream  face  of  the  6  by  8  cable  support,  about  2  feet  above 
the  ground.  Its  elevation  is  15.00  feet  above  datum;  also  two  spikes 
in  same  post  are  14.00  feet  above  datum.  Discharge  measurements  are 
made  from  a  cable  and  car,  50  feet  below  the  gage.  An  auxiliary 
cable  for  flood  measurements  is  placed  117  feet  above  the  main  cable. 
The  observer  is  Mrs.  Ed.  Marnell.  The  following  are  the  discharge 
measurements  made  on  the  Boise  Eiver  by  F.  J.  Mills  and  others  in 
1897: 

April  21,  at  Star  bridge,  disoharge,  24,312  second-feet. 

May  18,  at  Broadway  bridge,  gage  height,  4.30  feet ;  discharge,  23,522  second-feet. 

Jnne  29,  gage  height,  3.25  feet;  discharge,  3,526  second-feet. 

August  6,  gage  height,  1.60  feet;  discharge,  1,357  second-feet. 

September  18,  gage  height,  1.30  feet ;  discharge,  987  second-feet. 

October  25,  gage  height,  1.50  feet;  discharge,  1,256  second-feet. 

Daily  gage  height,  in  feet,  of  Boise  Biver  at  Boise,  Idaho,  for  1807, 


Day. 

Jan. 

2.00 
1.90 
1.90 
1.80 
1.80 
1.70 
1.70 
1.80 
1.80 
1.90 
1.70 
l.flO 
1.40 
1.20 
1.20 
1.20 
1.10 
1.10 
1.10 
1.40 
1.00 
1.60 
1.80 
1.60 
1.40 
1.40 
1.20 
1.20 
1.60 
1.80 
1.90 

Feb. 

Mar. 

1.70 
1.70 

Apr. 

May. 

June. 

July. 

8.20 
3.60 
3.30 
3.05 
3.06 
2.90 
2.75 
2.70 
2.40 
2.30 
2.36 
2.35 
2.30 
2.30 
2.30 
2.20 
2.20 
2.30 
2.20 
2.00 
1.96 
1.80 
2.00 
1.96 
1.90 
1.80 
1.80 
1.76 
1.70 
1.60 
1.66 

Aug. 

Sept. 

Oot. 

Kov. 

1 

1.90 
1.80 

3.60 
3.30 
3.20 
3.30 
3.20 
3.60 
3.50 
3.40 
3.90 
4.30 
6.00 
5.60 
6.00 
6.20 
7.30 
8.00 
8.90 

0.00 

7.80 
8.00 
8.20 
8.00 
8.00 
7.60 
7.00 
7.00 

1.60 
1.60 
1.50 
1.66 
1.66 
1.86 
1.56 
1.60 
1.60 
1.45 
1.46 
1.46 
1.40 
1.40 
1.40 
1.36 
1.90 
1.30 
1.26 
1.26 
1.20 
1.16 
1.20 
1.20 
1.20 
1.80 
1.30 

i.ao 

1.80 
1.80 

i.ao 

1.20 
1.30 
1.30 
1.30 
1.40 
1.40 
1.40 
1.30 
1.30 
1.40 
1.40 
1.40 
1.50 
1.60 
1.40 
1.40 
1.40 
1.30 
1.80 
1.80 
L40 
1.40 
1.40 
1.40 
1.40 
1.20 
1.20 
1.20 
1.20 
1.20 

1.20 
1.26 
1.26 
1.26 
1.26 
1.26 
1.30 
1.26 
1.26 
1.80 
1.36 
1.40 
1.40 
1.36 
1.86 
1.36 
1.30 
1.30 
1.36 
1.25 
1.30 
1.30 
1.30 
1.40 
1.60 
1.60 
1.40 
1.36 
1.36 
1.36 

1.35 

2 

t 

3 

1.60     1.90 
1. 60  ,  2. 00 
1.90  '  2.00 
2. 00     1. 90 
1.90     2.00 
2.40  ,  2.10 
2.40     2.00 
2. 20     1. 90 
2.10  '  1.90 
2. 10     1.  70 

4 

1.30 

5 

6 

7 

8 

1.30 

9 

10 

*:: 1 

11 

1.35 

12 

13 

2.00 
2.00 
2.00 
1.90 
1.90 
1.80 
1.80 
1.70 
1.60 
1.70 
1.70 
1.70 
1.60 
1.50 
1.50 
1.60 

1.50 
1.70 
1  70 
1.70 
2.00 
2.00 

1 

14 

"'{.'io" 


■*i.'56'" 


i.'io* ' 

15 

10 

17 

4.00 
3.80 
3.50 
3.50 
3.40 
3.50 
3.80 
3.40 
3.30 
8.30 
3.40 
3.30 
3.20 
3.20 

18 

19 

1. 90     9. 30 
1. 80     8.  90 
1.80     fl.80 

20 

21 

22 

1.90 
2.20 
160 
8.00 
4.00 
4.20 
4.00 
3.00 
3.70 
3.50 

6.70 
6.60 
6.70 
6.90 
7.40 
7.40 
7.50 
7.00 
6.60 

23 

24 

25 

1.50 

Tio' 

28 

27 

28 

29 

30 

31 
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YALE  STATION  ON  MALHEUB  BIVEB. 

This  station,  described  in  the  Eighteenth  Annual  Keport,  Part  lY, 
page  345,  is  located  at  the  iron  highway  bridge  at  Ya-le,  Oregon.  The 
observer  is  E.  B.  Murray,  postmaster.  The  station  is  distant  from  the 
observer's  hduse  about  one-fourth  of  a  mile.  The  gage  is  inclined,  and 
is  in  two  parts.  The  lower  part  is  graduated  from  1.6  to  9.1  feet,  the 
distance  between  the  footmarks  being  1.95  feet.  The  upper  partis 
gradnated  from  9.1  to  11.7  feet,  the  distance  between  the  footmarks 
being  3  feet.  The  channel  is  composed  of  earth  and  sand  and  is  shift- 
ing. The  bench  mark  is  on  a  flat  rock,  nearly  buried,  above  the  right 
bank  of  the  river,  50  feet  southeast  of  south  abutment  of  new  bridge, 
and  is  12.32  feet  above  the  zero  of  the  gage.  Measurements  are  made 
from  the  iron  highway  bridge.  The  following  discharge  measurements 
were  made  in  1897  by  Frank  Shirley  and  G.  H.  Kickerson: 

April  17,  gage  height,  7.15  feet;  discharge,  4,857  second-feet. 
May  15,  gage  height,  4.75  feet ;  discharge,  1,883  second-feet. 
May  28,  gage  height,  4.37  feet ;  discharge,  1,694  second-feet. 

Daily  gctge  heighiy  in  feei,  of  Malheur  Biver  at  Vale,  Oregon,  far  1897. 


June.'  July, 


Day. 


23... 
24... 
25... 
26. . . 
27... 
28... 
29... 
30... 
31... 


Apr. 


7.70 
7.20 

6.eo 

6.45 
6.65 
7.00 
7.10 
6.60 


May. 


4.60 
4.45 
4.40 
4.35 
4.35 
4.35 
4.15 
3.95 
3.80 


June. 


3.40 
2.40 
3.38 
2.85 
2.68 
2.65 
2.60 
2.55 


July. 


1.45 
1.40 
1.40 
1.40 
1.88 
1.33 
1.30 
1.25 
1.20 
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PAYETTE  STATION  ON  PATETTB  RIVER. 

This  station,  as  described  in  the  Eighteenth  Annual  Eeport,  Part  lY, 
page  350,  is  located  at  the  highway  bridge  at  Payette,  Idaho.  The 
observer  is  J.  A.  Ballinger,  the  town  marshal  at  Payette.  The  station 
is  distant  from  the  observer's  house  about  one-half  mile.  The  gage  is 
vertical,  of  pine  plank,  spiked  to  a  wooden  pier,  graduated  irom  0  to 
12.5  feet.  It  is  easily  read  from  the  bridge.  The  character  of  the 
channel  is  sandy  and  shifting.  The  point  12.5  on  the  gage  is  lev<^l  with 
the  top  of  the  pier,  on  which  is  the  mark  *<B.  M."  Measurements  of 
discharge  were  made  as  follows  by  6.  H.  Nickerson  in  1897 : 

May  14,  gage  height,  7.40  feet;  discharge,  19,422  secoDd-feet. 
May  27,  gage  height,  8.20  feet;  discharge,  26,707  seoond-feet. 

Daily  gage  height,  in  feet,  of  Fagette  Biver  at  Payette,  Idaho,  for  1897. 


Day. 

May. 

June. 

July. 

Day. 

May. 

Jnne. 

July. 

Day. 

May. 

Jnne. 

4.10 
4.00 
4.00 
3.90 
8.80 
8.80 
8.80 
8.90 

July. 

1 

7.60 
7.00 
6.  go 
6.10 
5.90 
6.10 
b.90 
5.60 
6.60 
5.60 
5.40 

8.80 

8.90 

8.90 

3.90 

8.70 

3.60 

3.50  1 

8.30 

3.20 

8.00 

2.90 

12 

6.30 
6.30 
5.30 
6.20 
6.00 
4.90 
4.70 
4.60 
4.40 
4.30 
4.20 

2.80 
2.70 
2.60 
2.50 
2.40 
2.80 
2.20 
2.20 
2.10 
2.10 
2.00 

28 

24 

25 

26 

27 

28 

29 

30 

31 

8.50 
8.40 
8.60 
8.60 
8.20 
7.90 
7.80 
7.80 
7.60 

1.90 

2 

13 

1.90    1 

8 

14 

16 

16 

17 

18 

19 

20 

21 

22 

7.40 
7.60 
7.80 
&00 
8.30 
8.40 
8.60 
8.70 
8.60 

1.80 

4 

1.80    ' 

5 

1.70    1 

6 

1.70 

7 

1.00    ! 

8 

1.60 

9 

1.60 

10 

11 
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WBISBB  STATION  ON  WEISEB  BIYEB. 


This  station,  described  in  the  Eighteenth  Annual  Report,  Part  IV' 
page  352,  is  abont  10  miles  above  the  town  of  Weiser,  Idaho,  at  the 
mouth  of  the  canyon.  The  gage  is  firmly  fastened  to  posts  driven  into 
the  ground.  The  6-foot  mark  is  13.46  feet  below  a  bench  mark  on  a 
large  bowlder  30  feet  south  of  the  gage.  The  observer  is  J.  W.  Lane, 
whose  house  is  about  one- fourth  of  a  mile  from  the  gage.  The  channel 
is  straight  for  some  distance  above  and  below  the  section,  the  banks  are 
high,  and  the  bed  is  gravelly.  Tlie  following  discharge  measurements 
were  made  in  1897  by  F.  J.  Mills,  Cyrus  C.  Babb,  and  others : 

May  26,  gage  height,  4.95  feet;  discharge,  5,026  second-feet. 
Aagnst  5,  gage  height,  0.70  foot;  discharge,  100  second-feet. 
October  23,  gage  height,  0.95  foot;  discharge,  153  seooud-feet. 

Daily  gage  height,  in  feet,  of  Weiser  Biver  at  Weieer,  Idaho,  for  1897. 


Day. 

Apr. 
6.10 

May. 
5.60 

Jane. 

July. 

Aug. 

1-... 

8.70 

1.80 

0.80 

2.... 

5.85 

6.80 

3.40 

1.80 

.80 

8.... 

6.00 

5.90 

3.20 

2.00 

.80 

4.... 

6.10 

6.00 

3.10 

1.90 

.70 

6.... 

7.00 

6.20 

3.00 

1.80 

.70 

6.... 

0.00 

6.40 

8.00 

1.70 

.70 

7.... 

6.70 

6.90 

2.90 

1.70 

.70 

8.... 

6.50 

6.40 

2.90 

1.70 

.60 

».... 

6.90 

5.80 

2.80 

1.60 

.60 

10.... 

7.00 

5.40 

2.70 

1.60 

.00 

11.... 

7.00 

6.40 

2.60 

1.60 

.60 

12.... 

6.50 

5.40 

2.60 

1.50 

.60 

18.... 

6.60 

6.50 

2.50 

1.40 

.60 

14.... 

6.60 

5.70 

2.50 

1.40 

.00 

15.... 

6.50 

5.90 

2.40 

1.80 

.60 

16.... 

6.70 

6.00 

2.40 

1.30 

.60 

Sept. 


0.70 
.70 
.70 
.70 
.70 
.70 
.70 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 


Day.    I  Apr 


17.. 

18... 

19.. 

20.. 

21.. 

22  . 

23... 

24.. 

25... 

26.. 

27.. 

28.. 

29.. 

30.. 

31.. 


^.1 


7.10 
7.50 
7.90 
8.30 
7.90 
7.60 
7.30 
6.70 
5.60 
6.00 
6.50 
6.90 
6.50 
5.80 


May. 
6.00 

June. 

July. 

Aug. 

Sept. 

2.30 

1.80 

0.60 

0.80 

6.00 

2.30 

1.20 

.60 

.80 

5.90 

2.20 

1.20 

.60 

.80 

5.90 

2.10 

1.20 

.60 

.80 

5.90 

2.10 

1.20 

.60 

.80 

5.80 

2.00 

1.10 

.60 

.80 

5.50 

2.00 

1.10 

.60 

.80 

5.00 

2.00 

1.10 

.60 

.90 

5.20 

1.90 

1.00 

.60 

.90 

5.00 

1.90 

1.00 

.60 

.90 

4.30 

2.10 

1.00 

.60 

.90 

4.20 

2.00 

1.00 

.60 

.00 

4.10 

1.00 

.90 

.60 

.90 

4.00 

1.80 

.90 

.60 

.90 

4.00 

.90 

.60 
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HOOPER  STATION  ON  PALOUSE  BIVEB. 

This  station  is  located  on  the  Palonse  Biver  at  Hooper,  Washington. 
It  was  established  April  1, 1897,  by  the  land  department  of  the  North- 
ern Pacific  Bailroad.  September  9, 1897,  this  Survey  took  charge  of 
the  station,  placing  the  gage  rod  1  mile  below  the  former  location  and 
opposite  the  water  tank,  and  stretching  a  cable  across  the  river  for 
discharge  measurements.  The  rod  is  inclined,  fastened  to  "po^ts  driven 
into  the  right  bauk.  The  bench  mark  is  a  point  of  rock,  marked  with 
red  paint,  on  a  ledge  on  the  left  bank  of  the  river  opposite  the  gage, 
and  its  elevation  is  7.60  feet  above  datum.  When  the  new  gage  reads 
2.1  feet  the  height  on  the  Northern  Pacific  Bailroad  gage  is  6.1  feet. 
The  channel  is  gravelly  and  not  liable  to  change.  The  left  bank  is  high 
and  can  not  overflow.  The  right  bank  overflows  in  extreme  high 
water.  The  initial  point  for  sonudiug  is  the  cable  post  on  left  bank. 
The  station  is  about  3  miles  above  the  mouth  of  Oow  Greek  and  2  miles 
below  the  head  of  the  ditch  of  the  Palouse  Irrigation  Company,  carrying 
25  second-feet  when  full  The  observer  is  Frank  Hill,  rancher.  Dis- 
charge measurements  were  made  by  Gyrus  0.  Babb  in  1897,  as  follows: 

September  9,  gage  height,  2.10  feet;  discharge  73  seooDd-feet. 
October  1,  gage  height,  1.90  feet;  discharge,  50  second-feet. 

IkUly  gage  keigkif  in  feet,  of  Palouse  Biver  a<  Hooper,  Washington,  for  1897. 


Day. 

Apr. 

May. 

June. 

July. 

Ang. 

Sept. 

Oct. 

KoF. 

Deo. 

1 

10.10 

0.85 

10.18 

10.11 

9.08 

9.98 

9.97 

10.22 

10.08 

9.00 

9.80 

10.15 

10.58 

10.15 

9.80 

0.97 

10.04 

10.17 

10.25 

10.30 

10.24 

10.10 

9.80 

0.40 

9.08 

8.80 

8.69 

8.72 

8.89 

8.74 

8.45 
8.20 
8.10 
8.12 
8.00 
7.98 
7.98 
&12 
8.00 
7.90 
7.66 
7.44 
7.40 
7.20 
7.05 
7.06 
7.05 
7.11 
7.00 
6.89 
6.78 
6.63 
6.55 
6.40 
6.40 
6.89 
6.38 
6.88 
6.87 
6.22 
6.13 

6.08 
6.06 
6.03 
6.01 
6.95 
6.94 
6.93 
6.02 
6.21 
6.20 
6.15 
6.07 
6.07 
6.07 
6.10 
6.10 
6.18 
6.28 
6.65 
7.20 
7.50 
7.20 
7.00 
6.88 
6.85 
6.77 
6.62 
6.58 
6.62 
6.60 

6.42 
6.42 
6.42 
6.42 
6.50 
6.60 
6.46 
6.86 
6.31 
6.26 
6.20 
6.16 
6.46 
6.89 
6.31 
6.22 
6.18 
6.12 
6.06 
6.02 
6.99 
6.99 
6.94 
5.98 
6.93 
6.92 
6.91 
6.80 
6.70 
6.65 
6.60 

6.55 
6.52 
5.62 
5.68 
6.66 
6.65 
6.72 
6.82 
6.85 
6.85 
5.92 
6.88 
6.80 
6.80 
6.80 
6.80 
6.78 
6.77 
6.96 
6.97 
6.95 
6.89 
6.87 
6.89 
6.82 
6.86 
6.90 
6.91 
6.85 
6.82 
6.80 

"iio" 

2.20 
2.10 
2.10 
2.20 
2.20 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 

1.90 
1.90 
1.95 
2.00 
2.00 
1.95 
1.95 
1.90 
1.90 
1.95 
2.00 
2.00 
1.95 
1.90 
1.90 
1.90 
1.96 
1.96 
1.96 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.06 
2.06 
2.00 
2.00 
2.00 
2.00 

2.00 
2.00 
2.06 
2.05 
2.06 
2.06 
2.20 
2.20 
2.10 
2.20 
2.25 
2.80 
2.60 
2.70 
8.60 
8.00 
8.60 
8.40 
8.40 
8.60 
4.35 
4.80 
4.70 
4.20 
4.00 
8.66 
8.60 
8.50 
8.40 
3.80 

3.20 
8.80 
3.60 
8.70 
8.60 
8.60 
6.00 
6.96 
7.00 
7.06 
6.90 
6.30 
6.60 
6.50 
7.56 
7.00 
6.30 
5.40 
6.20 
4.90 
4.70 
4.00 
4.60 
4.40 
4.36 
4.60 
4.65 
4.90 
6.70 
7.10 
7.40 

2 

8 

4 

6 

B 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

20 

80 

81 

Readinn  on  Northern  Paoiflc  Bailroad  gage  April  1  to  AnguBt  31.  Uuited  States  Geological  Sorvey 
gage  eatablisbed  September  9  and  located  1  mile  below  Nortoem  Paclflo  Bailroad  gage,  and  also  mam 
to  read  4  feet  lower. 
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SELAH  STATION  ON  YAKIMA  RIVER. 


This  station  is  located  on  the  Yakima  Biver  at  the  Northern  Pacific 
Railway  bridge,  or  first  crossing  of  the  Yakima,  7  miles  above  the  town 
of  North  Yakima,  Washington.  It  was  established  by  Gyms  G.  Babb, 
May  19, 1897,  after  the  Naches  station  had  been  discontinued,  with  the 
idea  that  the  difibrence  in  discharge  between  this  station  and  the  one 
at  Union  Gap  wonld  give  approximately  the  discharge  of  the  Natches 
Kiver.  The  gage  is  the  wire  type,  the  rod  being  fastened  to  the  guard 
rail  of  the  bridge,  west  span,  lower  side.  The  length  of  gage  wire  is  39 
feet.  The  pulley  distance  is  2  feet.  The  bench  mark  is  the  top  of  the 
north  sill  of  the  clearance  x)osts,  about  150  ieet  west  of  the  bridge,  and 
its  elevation  is  35.21  feet  above  gage  datum.  During  the  months  of 
September  and  October  the  bridge  was  undergoing  repairs,  and  gage 
records  could  not  be  kept.  The  observer  is  Pat  Ghdlagher,  section 
foreman.  The  following  measurements  were  made  in  1897  by  Gyrus  G. 
Babb: 

May  19,  gage  height,  10.77  feet;  disoharge,  13,904  second-feet. 
May  26,  gage  height,  8.88  feet;  discharge,  7,424  seoond-feet. 
June  10,  gage  height,  7.60  feet;  discharge,  4,859  second-feet. 
Jane  18,  gage  height,  6.90  feet;  discharge,  3,186  second- feet. 
Jnly  3,  gage  height,  7.10  feet;  discharge,  3,636  second-feet. 
July  10,  gage  height,  6.28  feet;  discharge,  2,300  seoond-feet. 
Jnly  17,  gage  height,  5.81  feet;  discharge,  1,751  second-feet. 
Jnly  29,  gage  height,  5.15  feet;  discharge,  1,019  second-feet. 
Angnst  13,  gage  height,  4.91  feet ;  discharge,  810  second-feet. 

Daily  gage  height,  in  feet,  of  Yakima  Biver  at  Selah,  Washington,  for  X897, 


Dsy. 

M«y. 

Jane. 

July. 

Aug. 

Oct. 

Not. 

4.90 
4.90 
4.90 
4.90 
4.90 
4.90 

Dec. 

1 

8.40 
8.20 
8.10 
7.80 
7.60 

6.90 
6.90 
7.20 

"TAo 

6.90 
6.80 
6.60 
6.50 
6.80 

'i'.io 

6.10 
6.10 
6.00 
5.90 
5.90 

"s.so" 

6.70 
6.60 
5.60 
5.60 
6.00 

6.20 
6.20 
6.20 
6.20 

'"6.'26 
6.20 
6.60 
6.80 
6.80 
6.80 

'6.86 
6.40 
6.40 
6.30 
6.10 
6.10 

"6.*  60 
5.90 
5.90 
5.70 
5.60 
5.60 

'"5.*  60 
6.00 
8.60 
9.20 
8.80 

2 

5.00 
6.00 
6.00 
4.90 
4.90 
4.90 

8 

4 

5 

6 

7 

7.60 
7.70 
7.80 
7.60 
7.30 
7.20 

e 

4.90 
4.90 
4.90 
5.70 
6.50 
7.60 

9 

4.90 
4.90 
4.90 
4.90 
4.80 
4.80 

10 

11 

12 

13 

14 

7.20 
7.20 
7.00 
7.00 
7.00 
6.90 
6.80 
6.70 
6.00 
7.30 
7.30 
7.20 
7.20 

*7."i6" 
7.00 
6.90 

15 

7.30 
7.00 
6.60 
7.00 
12.80 
11.60 

"o.io" 

'   8.40 
7.90 
7.40 
6.90 
6.80 

'*6."26" 
6.20 

IS 

4.80 
4.80 
4.80 
4.70 
4.70 
4.70 

"4.' 96' 
4.90 
4.90 
4.90 

17 

18 

19 

10.80 
10.60 
10.40 
10.30 

ao 

21 

22 

23 

24     

9.70 
9.20 
8.90 
8.70 
8.50 
8.80 

26 

4.00 
4.90 
4.90 
4.90 
4.90 
4.00 

20 

5.40 
6.80 
6.30 
5.20 
5.10 
5.10 

27 

28 

29 

80 

31            .      .            .          

8.80 
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NORTH  YAKIMA  STATION  ON  NAOHES  RIYER. 

This  station,  as  described  in  the  Eighteenth  Annnal  Report,  Part  lY, 
page  355,  is  located  at  the  highway  bridge,  2  miles  from  North  Takima, 
W  ashington,  at  the  mouth  of  the  river.  The  rod,  a  2  by  6  inch  tim- 
ber, is  fastened  to  the  crib  bulwark,  just  below  the  highway  bridge. 
The  flood  of  November,  1896,  modified  the  channel  very  greatly,  depos- 
iting a  large  mass  of  coarse  gravel  and  small  bowlders  along  the  right 
side  of  the  channel  at  the  section,  so  that  the  rod  was  50  feet,  more  or 
less,  from  the  edge  of  the  water  at  low  stages.  The  current  is  swift, 
even  at  low  water.  On  account  of  the  instability  of  the  channel  the 
station  was  abandoned  in  February,  1897,  although  a  number  of  dis- 
charge  measurements  were  made  during  the  season.  The  station  was 
located  below  the  heads  of  a  number  of  ditches.  May  19, 1897,  a  station 
was  established  on  the  Takima  Biver,  5  miles  above  the  mouth  of  the 
Naches,  at  the  Northern  Pacific  Railway  bridge  near  Selah,  Washing- 
ton, with  the  idea  that  the  difference  in  discharge  between  this  station 
and  the  one  at  Union  Gap  would  give  approximately  the  discharge  of 
the  Naches  Biver.  IVo  ditches,  those  of  the  Moxee  Valley,  are 
t>aken  out  between  the  two  points,  but  their  amount  is  about  counter- 
balanced by  that  received  from  Ahtanum  Greek  and  the  wastage  at 
Old  Town.  The  following  discharge  measurements  were  made  in  1897 
by  Gyrus  G.  Babb  and  Sydney  Arnold: 

June  10,  discharge^  3,178  second- feet. 
Jnne  18,  discharge,  1,993  second-feet. 
July  29,  discharge^  781  second-feet. 
Septembei:  22,  discharge,  385  second-feet. 
November  15,  discharge,  1,500  second-feet. 

Daily  gage  height,  in  feet,  of  Nachea  Miver  at  North  Takima,  WMhingUm,  for  1897. 


Day. 

1 

Jftn. 

8.00 
8.00 
2.00 
2.00 
8.00 
8.00 
8.00 
8.00 

Feb. 

3.00 
3.00 
8.00 
2.00 
2.00 
2.00 
2.80 
2.80 

Day. 

Jan. 

Feb. 

Day. 

17 

18 

19 

20 

21 

22 

28 

24 

Jan. 

Feb. 

1     Day. 

1 

Jan. 

3.50 
3.40 
8.80 
3.20 
3.10 
3.10 
3.10 

Feb. 

1 

2 

:  3 

j  S::::::: 
i  ?::::::: 

8 

0 

10 

11 

12 

18 

14 

16 

16 

3.00 
2.80 
2.00 
2.00 
2.80 
2.80 
2.70 
2.70 

2.80 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.50 

2.70 
2.70 
2.80 
3.10 
3.80 
3.60 
3.60 
8.50 

2.50 
2.50 
2.40 
2.40 

25 

26 

27 

28 

20 

30 

81 
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UNION  OAP  STATION  ON  YAKIKA  RIVER. 

This  statioi),  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  S56y  is  located  at  Union  Gap,  6  miles  below  North  Yakima,  Wash- 
ington, and  1,000  feet  below  the  highway  bridge.  The  gage  rod  is 
inclined  and  is  attached  to  a  willow  stamp  and  to  posts  set  into  the 
ground  and  loaded  with  rock.  The  bench  mark  is  a  stone,  marked 
<<B.  M.,"  39  feet  west  of  the  gage  and  8.5  feet  east  of  the  railroad  track. 
It  is  29.85  feet  above  gage  datum.  The  gaging  cable  and  car  is  about 
50  yards  above  the  rod.  The  channel  of  the  river  is  straight  for  sev- 
eral hundred  feet,  both  above  and  below  the  cable.  During  floods  a 
portion  of  the  water  passes  through  a  depression  in  the  left  bank,  and 
this  must  be  measured  from  the  bridge.  The  right  bank  is  high  and 
will  not  overflow.  The  observer  is  Ed.  Farmer,  section  foreman.  The 
following  measurements  were  made  in  1897  by  Gyrus  C.  Babb : 

May  15,  gage  height,  10.90  feet;  discharge,  19,284  seoond-feet. 
May  25,  gage  height,  9.40  feet;  discharge,  15,543  second-feet. 
Jnne  9,  gage  height,  8.15  feet ;  discharge,  8,938  second- feet. 
Jnne  16,  gage  height,  7.25  feet;  discharge,  5,901  second-feet. 
Jnly  2,  gage  height,  7.35  feet;  discharge,  6,275  second- feet. 
Jaly  9,  gage  height,  6.45  feet;  discharge,  3,973  second- feet. 
Jnly  15,  gage  height,  6.06  feet ;  discharge,  3,097  second-feet. 
Jnly  23,  gage  height, 5.48  feet;  discharge,  2,361  second- feet. 
Angost  7,  gage  height,  4.80  feet;  discharge,  1,314  second- feet. 
Septemher  6,  gage  height,  4.55  feet ;  discharge,  1,140  second- feet. 
Septemher  21,  gage  height,  4.26  feet;  discharge^  683  second-feet. 

Daily  ffoge  height,  in  feet,  of  Yakima  River  at  Union  Gap,  WiUhington,  for  1897, 


Day. 

JftD. 

Feb. 

H«r. 

Apr. 

Mfty. 

Jane. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.50 
4.80 
5.60 
6.50 
7.20 
7.00 
6.80 
5.90 
5.80 
6.10 
11.00 
11.60 
9.60 
9.00 
8.30 
7.70 
7.30 
6.90 
6.70 
6.60 
6.60 
6.80 

Deo. 

1 

6.00 

6.80 

6.90 

6.80 

7.40 

7.60 

7.00 

7.90 

7.90 

8.70 

9.40 

8.40 

9.60 

9.00 

10.00 

10.60 

10.00 

11.40 

"iifoo" 

12.00 

11.00 

11.00 

10.60 

9.00 

9.40 

9.60 

9.80 

9.70 

9.40 

9.10 

9.00 

9.20 

9.40 

9.60 

9.80 

9.60 

9.00 

9.00 

9.10 

9.20 

9.20 

9.10 

9.40 

9.90 

10.00 

11.40 

11.40 

11.40 

11.20 

10.90 

10.80 

10.40 

10.20 

10.00 

9.80 

9.60 

9.40 

9.20 

9.10 

9.00 

8.00 

8.70 
&60 
8.60 
8.30 
8.20 
8.10 
8.00 
8.30 
8.20 
7.90 
7.80 
7.80 
7.70 
7.60 
7.40 
7.30 
7.20 
7.20 
7.00 
6.90 
6.80 
7.10 
7.40 
7.4A 
7.30 
7.20 
7.10 
7.80 
7.20 
7.10 

7.20 
7.40 
7.36 
7.20 
7.10 
6.90 
6.70 
6.60 
6.50 
6.30 
6.30 
0.20 
6.10 
6.00 
6.00 
6.00 
6.00 
5.80 
5.80 
6.70 
5.00 
6.50 
6.50 
5.40 
5.40 
5.30 
5.30 
5.20 
5.10 
5.10 
5.10 

4.90 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.70 
4.70 
4.70 
4.70 
4.70 

iw' 

4.00 

4.60 
4.60 
4.50 
4.50 
4.50 
4.50 
4.40 
4.40 
4.40 
4.40 

4.40 
4.30 
4.30 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.30 
4.30 
4.30 
4.30 
4.20 
4.20 
4.30 
4.30 
4.80 
4.80 
4.20 
4.20 
4.20 
4.30 
4.20 
4.20 
4.20 
4.30 

4.30 
4.30 
4.30 
4.30 
4.20 
4.20 
4.80 
4.20 
4.20 
4.20 
3.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.30 
4.40 
4.40 
4.50 
4.60 
4.50 
4.40 
4.40 
4.50 
4.50 
4.40 

6.30 
6.30 
6.20 
6.10 
6.00 
0.80 
6.90 
7.10 
7.00 
6.00 
0.80 
6.70 
6.70 
6.60 
6.50 
6.40 
6.80 
6.10 
6.10 
6.90 
6.80 
5.60 
5.70 
5.70 
5.60 
6.60 
5.70 
5.70 
5.70 
8.80 
8.20 

2 

3 

4 

5 

6.60 

8 

7 

8 

9 

10 

11 

6.40 

13 

13 

14 

6.20 
6.10 
6.10 
6.10 
6.80 
6.30 
6.20 
6.10 
6.10 
6.20 
6.00 
6.80 
6.40 
6.20 
6.40 
6.80 
0.00 
6.60 

16 

6.40 

6.60 

IS 

17 

18 

19 

ao 

6.70 

21 

22 

23 

24 

26 

26 

6.00 

27 

28 

29 

80 

81 
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KIONA  STATION  ON  YAKIMA  BIYEB. 

This  station,  as  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  358,  is  located  at  the  highway  bridge  at  Kiona,  Washington.  The 
rod  of  the  wire  gage  is  placed  on  the  lower  side  of  the  bridge.  The  dis- 
tance from  the  end  of  the  weight  to  the  index  marker  is  27.21  feet 
From  the  end  of  the  rod  to  the  outside  edge  of  the  pulley  wheel  it  is  2 
feet.  The  section  is  an  excellent  one  for  measurements.  The  channel 
is  straight  for  some  distance  above  and  below.  The  banks  are  medium 
high  and  the  bed  is  composed  of  a  firm  gravel.  The  observer  is  W.  A. 
Kelso.  The  following  discharge  measurements  were  made  in  1897  by 
Cyrus  0.  Babb  and  Sydney  Arnold : 


Date. 


Mav8.. 
May  24. 
May  29. 
Jnne  8  . 


GaKB 
heignt. 


Feet. 
11.50 


DiB- 
charge. 


Sec.  ft. 
16,557 


11.52  |16,344 

9.74  ,11,338 

8.75  i  8.868 


Date. 


Jnne  15 
July  7.. 
July  13. 
July  21. 


Gage 
hel^t. 

Dis- 
charge. 

Feet, 

Sec.  ft. 

8.05 

6,908 

7.15 

5,118 

6.30 

3,475 

5.55 

2,318 

Bate. 


Aug.  5  . 
Aug.  30 
Nov.  6 . 
Dec.  29 


Gage 
helshl 


height. 


Feet. 

4.61 

4.10 

4.08 

8.54 


Dia- 
eharge. 


Sec.  ft. 

1,217 
762 
839 

7,459 


Daily  gage  height^  in  feet,  of  Yakima  Biver  at  JKuma,  Washingtonf  for  1897. 


Day. 


1.-., 

2.... 

8.... 

4.... 

6... 

6..., 

7... 

8... 

9... 
10... 
11... 
12... 
13... 
U... 
16... 
16... 
17... 
18... 
19... 
20... 
21... 
22... 
23... 
24... 
26... 
26... 
27... 
28... 
29... 
80... 
31... 


Jan. 


7.00 
6.87 


6.65 
0.45 
6.52 
6.50 


6.54 


6.44 


6.13 


6.04 
6.07 
6.00 


Feb. 
7.16 


6.82 
6.88 


6.41 
6.88 
6.86 
6.84 


6.96 


6.78 
8.82 


8.16 


6.50 


6.00 


7.66 
7.50 
7.36 


Mar.    Apr. 


6.08 
6.27 
6.31 
6.30 


6.86 
6.78 
6.66 
6.66 
6.71 
6.68 
6.70 
6.76 
6.80 
6.80 
6.72 
6.69 
6.62 


6.84 
7.02 
7.76 
7.42 
7.44 
7.26 
6.96 


6.81 

6.68 

6.69 

7.06 

7.16 

7.22 

7.42 

7.76 

7.60 

7.98 

9.14 

10.01 

10.04 

10.17 

10.62 

11.18 

11.74 

12.40 

13.17 

13.92 

14.42 

13.49 

12.85 

11.98 

11.24 

11.10 

11.82 

11.60 

11.36 

10.72 


May. 


10.48 
10.40 
10.36 
10.22 
10.34 
10.48 
11.22 
11.50 
11.34 
10.79 
10.42 
10.26 
10.64 
11.14 
11.92 
12.56 
12.86 
18.08 
13.30 
13.14 
12.81 


12.30 
11.50 
10.86 
10.70 
10.50 
10.00 
9.76 
9.86 
10.60 


June. 


10.67 
10.16 
9.60 
9.30 
8.84 
8.67 
8.61 
8.80 
8.90 
8.76 
8.42 
8.08 
8.15 
8.12 
8.05 
7.78 
7.68 
7.60 
7.41 
7.25 
7.10 
7.11 
7.46 
7.80 
7.86 
7.77 
7.62 
7.60 
7.72 
7.65 


July. 


7.52 
7.42 
7.80 
7.80 
7.64 
7.42 
7.15 
6.98 
6.86 
6.64 
6.86 
0.32 
6.80 
6.26 
6.07 
6.00 
5.86 
6.80 
5.76 
5.58 
6.64 
6.60 
6.45 
6.33 
6.27 
6.27 
6.16 
5.07 
4.97 
4.90 
4.80 


Aug. 


4.80 


4.70 
4.68 
4.61 
4.65 
4.60 
4.50 
4.48 
4.41 
4.40 
4.40 
4.88 
4.88 
4.86 
4.28 
4.27 
4.27 
4.28 
4.20 
4.20 
4.22 
4.15 
4.15 


4.14 
4.14 
4.10 
4.08 
4.04 
4.00 


Sept. 


4.00 
4.06 
4.10 
4.12 
4.16 
4.18 
4.18 
4.16 
4.10 
4.06 
4.00 
4.00 
8.98 
8.97 
3.96 
3.90 
3.94 
3.94 
3.91 
3.89 
8.90 
3.90 
8.90 
8.91 
8.94 
3.90 
8.88 
3.83 
8.84 
3. 86 


Oct. 


8.90 


3.90 
8.90 
3.87 
8.86 
8.86 
3.84 
8.80 
3.78 
3.78 


8.76 
8.76 
8.76 
3.77 
3.80 
8.82 
3.85 
3.88 
3.90 
8.96 


4.10 
4.16 
4.18 
4.17 
4.17 


Not. 


4.12 
4.10 
4.00 
4.08 
4.08 
4.12 
4.16 
4.18 
4.19 
4.21 
4.44 
6.86 
7.61 
7.42 
6.60 
6.48 
e.34 
&97 
11.67 
12.60 
11.66 
10.82 
9.42 
8.88 
8.00 
7.68 
7.09 
6.96 
6.63 


Dec. 


6.63 
6.50 


6.24 
6.15 
6.71 
7.50 
8.22 
8.21 
7.96 
7.82 
7.77 
7.70 
7.50 
7.65 
7.50 
7.30 
6.95 
6.68 
6.40 
6.30 
6.16 
6.10 
6w00 
5.96 
6.98 
6.90 
6.00 
7.90 
10.88 
10.66 
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SPOKANE  STATION  ON  SPOKANE  BIYER. 

This  Btation,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  359,  is  located  at  the  bridge  of  Oregon  Railway  and  Navigation 
Oompany  at  Spokane,  Washington.  The  rod  of  the  wire  gage  is  fas- 
tened to  the  upper  guard  rail  in  the  west  span  of  the  bridge.  The  dis- 
tance from  the  end  of  the  weight  to  the  index  la  22.0  feet,  and  from  the 
zero  of  the  rod  to  the  outside  edge  of  the  pulley  1.80  feet.  The  gage 
was  connected  with  a  bench  mark  of  the  city  engineering  department 
and  referred  to  sea  level,  the  rod  datum  being  1,880  feet  above  sea  level. 
The  channel  is  straight  for  some  distance  above  and  below  the  section. 
The  bed  is  gravelly  and  is  practically  unchangeable.  The  banks  are 
high  and  are  only  overflowed  during  extraordinary  floods.  The  velocity 
is  quite  swift,  even  during  low  water.  The  observer  is  Z.  Taylor,  tele- 
graph operator,  residing  within  400  feet  of  the  bridge.  The  following 
discharge  measurements  were  made  in  1897  by  Gyrus  O.  Babb  and 
others : 

M»7  20,  gage  height,  10.80  feet;  diacharge,  29,084  second-feet. 
Jane  29,  gage  height,  5.16  feet;  discharge,  9,026  second-feet. 
July  21,  gage  height,  4.05  feet ;  discharge,  7,893  second-feet. 
September  11,  gage  height,  1.92  feet;  discharge,  2,575  second-feet. 
October  20,  gage  height,  1.50  feet;  discharge,  2,011  second-feet. 

Daily  gage  height,  in  feet,  of  Spokane  River  at  Spokane,  Washington,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

5.50 
5.40 
5.30 
5.20 
5.20 
5.00 
5.00 
4.80 
4.80 
4.70 
4.60 
4.50 
4.35 
4.30 
4.25 
4.20 
4.20 
4.00 
4.00 
3.00 
3.80 
3.00 
8.80 
3.85 
4.00 
4.05 
4.00 
8.00 
4.00 
4.00 
4.00 

4.00 
4.00 
4.00 
4.00 
3.00 
3.80 
3.75 
3.75 
3.70 
.3.70 
3.65 
3.60 
3.60 
3.60 
3.60 
3.65 
3.55 
3.55 
3.50 
3.50 
3.60 
3.50 
3.50 
8.45 
3.30 
3.25 
3.25 
8.20 

3.20 
3.15 
3.15 
3.15 
3.15 
8.15 
3.15 
3.15 
3.15 
3.10 
3.10 
3.10 
3.00 
2.95 
2.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.85 
2.85 
2.90 
2.90 
2.90 
8.15 
3.60 
4.10 
4.40 
4.60 
4.05 

4.75 

4.80 

4.00 

4.90 

5.05 

5.20 

5.30 

5.45 

5.50 

6.70 

6.10 

6.70 

7.00 

7.30 

7.60 

8.00 

8.50 

8.90 

9.40 

10.20 

11.00 

11.60 

11.80 

11.80 

11.60 

11.40 

11.15 

11.30 

11.30 

11.80 

11.10 
10.90 
10.50 
10.50 
10.40 
10.40 
10.60 
10.00 
11.20 
11.20 
10.90 
10.60 
10.40 
10.30 
10.20 
10.80 
10.60 
10.70 
10.80 
10.06 
10.95 
10.85 
10.70 
10.60 
10.30 
10.10 
9.80 
9.50 
9.25 
9.06 
8.80 

8.60 
8.40 
8.20 
7.85 
7.60 
7.10 
6.70 
6.50 
6.80 
6.20 
6.16 
6.05 
5.90 
5.70 
5.50 
5.40 
5.36 
5.30 
5.40 
5.40 
5.40 
5.45 
5.45 
5.40 
5.40 
5.40 
5.30 
5.30 
5.20 
6.10 

5.00 
4.05 
4.95 
4.95 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
4.00 
4.00 
4.80 
4.70 
4.60 
4.50 
4.40 
4.30 
4.20 
4.16 
4.05 
4.00 
3.90 
3.80 
3.70 
3.60 
3.50 
3.45 
3.35 
3.20 

3.20 
3.10 
3.05 
3.00 
3.00 
2.06 
2.85 
2.75 
2.70 
2.66 
2.65 
2.60 
2.50 
2.50 
2.45 
2.40 
2.35 
2.30 
2.25 
2.25 
2.20 
2.20 
2.15 
2.10 
2.05 
2.05 
2.00 
2.00 
1.95 
1.95 
1.90 

1.00 
1.90 
1.90 
1.85 
1.85 
1.85 
1.85 
1.90 
1.95 
1.95 
1.90 
1.00 
1.00 
1.90 
1.00 
1.85 
1.80 
1.80 
1.80 
1.75 
1.75 
1.75 
1.75 
1.75 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 

1.70 
1.70 
1.65 
1.65 
1.60 
1.60 
1.60 
1.60 
1.55 
1.55 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.60 
1.50 
1.45 
1.45 
L45 
1.45 
1.45 
1.46 
L46 
1.45 

1.46 
1.45 
1.45 
1.45 
1.45 
1.45 
1.46 
1.45 
1.50 
1.50 
1.50 
1.60 
1.80 
2.45 
2.80 
3.00 
3.05 
3.20 
3.40 
3.90 
4.00 
6.40 
5.60 
5.70 
5.70 
6.65 
6.60 
6.40 
6.25 
6.10 

5.00 
4.00 
4.80 
4.60 
4.50 
4.60 
4.70 
6.00 
6.40 
5.70 
6.90 
6.00 
6.00 
6.00 
6.00 
6.00 
5.90 
6.80 
5.70 
5.60 
5.36 
6.20 
6.00 
4.90 
4.80 
4  70 
4.55 
4.60 
4.66 
5.00 
5.40 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

Id 

17 

&Os  *  •  •  mam  •■■•■•• 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

30 

31 
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WENATOHEE  STATION  ON  WENATCHEB  BIYER. 

This  station  is  located  ou  the  Wenatchee  Biver  at  the  wagon  bridge, 
6  miles  above  its  mouth  and  7  miles  from  Wenatchee,  Washington.  It 
was  established  November  1, 1897.  The  rod  is  vertical  and  fastened 
to  the  face  of  the  second  wooden  pier  from  the  north.  Observations  of 
heights  were  taken  at  the  bridge  site  of  the  Wenatchee  Waterpower 
Company  by  G.  Nasten,  engineer  in  charge,  5  miles  below  the  station, 
and  reduced  to  the  station  gage  by  having  simultaneons  readings  at 
both  points  on  September  13,  November  1,  14,  and  20,  respectively. 
Both  banks  of  the  river  at  the  station  are  high  and  not  liable  to  over- 
flow. The  bed  of  the  river  is  composed  of  bowlders  and  the  current  is 
quite  swift,  even  at  low  stages.  The  canal  of  the  Wenatchee  Water- 
power  Company  is  taken  out  about  1  mile  above  the  station.  The  fol- 
lowing are  the  discharge  measurements  made  in  1897  by  Cyras  C.  Babb 
and  C.  Nasten : 

September  13,  gage  height;  0.30  foot;  discharge,  900  seoond-feet. 
November  1,  gage  height,  0.00  feet;  discharge,  706  second- feet. 
November  14,  gage  height,  1.24  feet;  discharge,  2,770  second-feet. 
November  20,  gage  height,  5.10  feet;  discharge,  13,280  second-feet. 


Daily  gage  height,  in 

feet,  0 

/  Wenatchee  River  at  Wenatchee, 

Washington 

I,  for 

18S7, 

Day. 
1.. 

Ang. 

Sept. 

Oct. 

0.22 
.15 

Nov. 

0.00 
.00 
.00  ' 
.00 
.00 
.00  1 
.00 

Day. 
12... 

Aug. 

Sept. 

Oct. 

Nov. 

2.18 
1.85 
1.25 

Day. 

Aug. 

Sept. 

Oct. 
0.80 

-Nov. 

0.00 

28... 

0.86 
.85 
.52 

.88 
.86 

.80 

2.. 

18... 

o.ao 

.85 
.80 
.20 
.00 

24... 

3.. 

U... 

25... 

.22 
.12 
.06 

4.. 

.00 
.00 
.00 
.00 
.00 
.00 

15... 

26... 
27... 

0.88 

6.. 

16... 
17... 

0.95 

.15 
.15 
.15 

6.. 

28... 

7.. 
8.. 

1.22 

o'tf 

18... 

.00 
.00 
.00 
.00 
.22 

'6.'io' 

29... 

.00 
.00 

19... 

80... 

9.. 

.....  1 

20... 

.25 
.82 
.85 

31... 

10.. 

21... 

U.. 

.00 

1 

22... 
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WHITMAN  STATION  ON  WALLAWAL.LA  BIYEB. 


This  station,  located  on  Wallawalla  Biver,  7  miles  below  Wallawalla, 
Washington,  was  established  July  19,  1897,  for  the  purpose  of  deter- 
mining the  amount  of  water  available  for  the  several  canals  taken  out 
below.  The  gage  is  an  unusual  form,  consisting  of  a  horizontal  timber 
4  inches  square  by  14  feet  long,  fastened  to  two  vertical  posts  6  feet 
apart  and  set  in  the  ground  at  the  edge  of  the  bank  of  the  river,  with 
one  end  of  the  timber  projecting  out  over  the  water.  On  this  hori- 
zontal timber  is  then  placed  a  wire  gage.  The  distance  from  the  end 
of  the  weight  to  the  wire  index  is  19.62  feet  and  the  outside  edge  of 
the  pulley  at  the  end  of  the  timber  is  4.27  feet  from  the  zero.  The  bench 
mark  is  a  nail  driven  into  the  southwest  comer  of  the  barn,  70  feet 
north  of  the  gage,  and  1  foot  above  the  sill.  Its  elevation  is  11.00  feet 
above  datum.  Discharge  measurements  are  to  be  taken  from  a  foot 
susx)enBion  bridge,  near  by.  The  channel  is  gravelly  and  the  banks 
medium  high.  The  observer  is  Mrs.  W.  F.  York,  post  office,  Walla- 
walla, Washington.  A  gaging  on  August  26,1897,  was  made  by  Syd- 
ney Arnold;  gage  height,  0.86  feet;  discharge,  78  second-feet. 

Dmly  gage  height,  in  feetf  of  WaUaioalla  Eiver  at  WhiimoMf  Waehingtan,  far  1897. 


Day. 
1 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1.80 
1.80 
1.80 
1.80 
1.80 
1.30 
1.80 
1.80 
1.30 
1.38 
1.96 
1.00 
2.05 
2.02 
1.92 
1.90 

1 
Dec. 

2.85  ' 

2.22 

2.12 

2.02 

2.18 

2.85 

2.02 

8.05 

2.88 

2.68 

2.80 

2.88 

2.80 

8.00 

2.88 

2.72 

Day. 

1 

July. 

Aug. 

0.88 
.88 
.82 
.82 
.88 
.82 
.82 
.82 
.82 
.82 
.82 
.82 
.82 
.85 
.00 

Sept. 

1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.20 

Oct. 

Nov. 

Deo. 

0.00 
.88 

0.05 

i.ao 

1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.22 
1.30 
1.30 
1.25 

17 

1.25 
1.20 
1.20 
1.20 
1.20 
1.20 
1.26 
1.25 
L25 
1.25 
1.30 
1.30 
1.30 
1.30 
1.80 

1.90 
2.08 
2.32 
2.35 
2.28 
2.15 
2.15 
2.12 
2.05 
1.98 
1.90 
1.85 
1.86 
2.20 

2.55 
2.35 
2.20 
2.20 
2.15 
2.10 
2.06 
2.05 
2.06 
2.12 
2.26 
2.75 
3.20 
3.75 
3.28 

2 

18 

8 

.88     1-On 

19 

SO 

21 

22 

23 

34 

25 

26 

27 

28 

29 

80 

31 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

.08 

.95 

.02 

.88 

.88 

.88 

4      . 

.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 

1.00 
1.05 
1.15 
1.16 
1.20 
1.20 
1.18 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 

6 

i      7 

i  1:;- 

10.... 
11 

12 

18.... 
M.... 
15 

16 
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GIBBON  STATION  ON  UMATHiUL  RIYEB. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  361,  is  located  about  one-half  mile  west  of  the  railroad  station  at 
Gibbon,  Oregon.  The  lower  section  of  the  old  gage  rod  was  carried 
out  by  the  floods  in  March,  but  a  temi>orary  rod  was  used  until  a  per- 
manent one  was  placed  June  12,  400  feet  downstream.  It  consists  of  a 
substantial  rod  4  inches  square  by  14  feet  long  fastened  to  a  rock  by 
two  one-half-inch  bolts,  soldered  into  holes,  drilled  into  the  rock.  The 
bench  mark  for  this  new  gage  is  a  cross  in  black  paint  on  the  highest 
X)oint  of  the  rock  to  which  the  rod  is  fastened.  Its  elevation  is  4.40  feet 
above  datum,  also  marked  on  the  rock.  One  foot  in  elevation  on  the  rod 
is  equal  to  2.71  feet  along  its  length.  The  section  under  the  cable,  at 
which  discharge  measurements  were  made,  was  also  so  modified  by  the 
March  freshets  that  it  was  found  necessary  to  remove  the  cable  and  car 
to  a  better  location  one-quarter  of  a  mile  below.  The  channel  here  is 
straight  for  a  distance  above  and  below.  The  bed  of  the  river  is 
gravelly.  The  initial  x>oint  for  soundings  is  on  the  right  bank.  The 
observer  is  W.  Swart,  telegraph  operator  at  Gibbon.  The  following 
discharge  measurements  were  made  in  1897  by  Cyrus  O.  Babb : 

May  5,  gage  height,  4.10  feet;  dlBcharge,  2,141  seoond-feet. 
May  22,  gage  height,  2.05  feet ;  discharge,  624  second-feet. 
May  27,  gage  height,  1.36  feet;  discharge,  448  second-feet. 
Jnne  7,  gage  height,  1.00  foot;  discharge,  233  second-feet. 
Jnne  12,  gage  height,  0.80  foot;  discharge,  168  second-feet. 
Jnly  5,  gag^  height,  1.16  feet;  discharge,  265  second-feet. 
Jnly  20,  gage  height,  0.59  foot;  discharge,  118  second-feet. 
August  27,  gage  height,  0.30  foot;  discharge,  83  second-feet. 

DMy  gage  height,  in  feel,  of  Umatilla  Bivfr  at  Gibbon,  Oregon,  for  1897, 


D^y. 

J  AD. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dee. 

1 

1.80 
1.75 
1.70 
1.70 
1.86 
1.85 
1.60 
1.60 
1.60 
1.60 
1.65 
1.55 
1.^ 
1.66 
1.56 
1.60 
1.60 
1.50 
1.70 
1.65 
1.65 
1.65 
1.66 
1.60 
1.60 
1.60 
L60 
1.66 
1.66 
1.70 
1.75 

1.80 
2.00 
2.60 
2.80 
2.90 
2.90 
2.80 
2.60 
2.40 
2.90 
2.80 
2.90 
3.10 
3.10 
2.96 
2.80 
2.50 
2.40 
2.20 
2.20 
1.90 
1.80 
1.65 
1.60 
1.60 
1.60 
1.60 
1.65 

1.80 
2.00 
1.90 
1.00 
1.90 
1.80 
1.80 
1.70 
1.70 
1.60 
1.56 
1.56 
1.60 
1.60 
1.60 
1.60 
1.70 
1.70 
1.70 
1.65 
1.66 
1.65 
1.60 
8.06 
6.65 
6.06 
4.20 
8.80 
8.60 
8.86 
8.15 

3.06 
8.06 
3.00 
3.00 
3.20 
3.40 
3.50 
3.70 
4.00 
5.00 
4.90 
4.80 
4.70 
5.05 
6.38 
6.60 
8.00 
6.05 
5.65 
4.70 
8.96 
3.70 
8.70 
8.60 
8.60 
4.40 
4.40 
8.90 
3.60 
8.60 

3.40 
3.40 
3.50 
3.75 
4.10 
4.40 
3.65 
3.20 
3.00 
3.00 
3.10 
3.10 
3.20 
3.10 
3.05 
3.00 
3.15 
2.90 
2.60 
2.40 
2.20 
2.02 
1.80 
1.85 
1.60 
L86 
1.26 
L25 
1.80 
1.20 
1.90 

1.20 

1.16 

1.10 

1.10 

LOO 

1.00 

1.00 

1.00 

.90 

.66 

.85 

.80 

.80 

.80 

1.10 

1.26 

1.15 

1.10 

1.00 

.96 

.85 

.90 

.85 

.85 

.85 

1.00 

.96 

.90 

.85 

.85 

0.86 
L05 
1.30 
1.20 
1.15 
1.10 
1.00 
.96 
.90 
.85 
.80 
.80 
.76 
.70 
.70 
.65 
.65 
.60 
.60 
.60 
.65 
.65 
.50 
.60 
.50 
.60 
.45 
.45 
.46 
.45 
.45 

0.46 
.46 
.45 
.45 
.46 
.45 
.45 
.45 
.46 
.45 
.45 
.45 
.45 
.45 
.40 
.40 
.40 
.40 

:86 

.85 
.86 
.85 
.85 
.86 
.85 
.85 
.80 
.80 
.30 
.80 
.60 

0.40 
.36 
.85 
.35 
.35 
.50 
.45 
.45 
.40 
.40 
.40 
.40 
.85 
.35 
.86 
.35 
.35 
.85 
.30 
.30 
.80 
.30 
.30 
.30 
.80 
.30 
.35 
.86 
.85 
.85 

0.35 
.85 
.35 
.35 
.35 
.85 
.35 
.86 
.35 
.86 
.35 
.40 
.40 
.40 
.40 
.40 
.35 
.35 
.35 
.40 
.40 
.40 
.40 
.45 
.45 
.40 
.40 
.40 
.40 
.40 
.40 

0.40 

.40 

.40 

.40 

.40 

.40 

.40 

.45 

.50 

.80 

.90 

.95 

L80 

1.20 

1.05 

1.05 

L20 

2.00 

1.90 

2.00 

1.80 

1.80 

1.60 

1.50 

1.40 

1.80 

1.80 

1.20 

1.40 

S.00 

2.00     1 

2 

1.00     , 

3 

1.80    ' 

4 

1  70 

5 

6 

7 

1.80     , 

2.00     ' 

2.85 

2.00 

2.00 

2.60 

2.50 

2.50 

2.50 

2.45 

2.20 

1.90 

1.70 

1.70 

1.70 

1.65 

1.50 

1.40 

U40 

1.S0 

1.25 

1.80 

2.90 

S.60 

3.50 

S.7D 

S.40 

8 

9 

10 

11 

12 

13 

U 

15 

18 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
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MORO  STATION  ON  DESCHUTES  RIVER. 

This  station  is  located  on  the  Deschutes  Kiver,  near  Moro,  Oregon, 
16  miles  east  of  The  Dalles,  Oregon,  at  the  ranch  of  the  observer,  J.  E. 
Harris,  3  miles  above  what  is  known  as  the  <^free  bridge."  The  rod  is 
inclined.  The  bench  mark  is  the  head  of  a  nail,  at  elevation  8.41  feet, 
in  the  large  alder  tree  to  which  the  rod  is  spiked.  The  discharge  meas- 
urements are  taken  at  the  iron  bridge  below.  The  section  here  is  poor, 
owing  to  the  swift  current.  The  bed  is  rocky  and  uneven.  A  measure- 
ment made  on  September  27, 1897,  by  Gyrus  C  Babb,  gave  gage  height, 
2.10  feet  I  discharge,  5,962  second- feet. 

Daily  g<ige  height,  in  feet,  of  Deechutes  River  at  More,  Oregon,  for  1897, 


Day. 


1. 
2. 
3. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 


Oct 


Nov. 


Deo. 


2.00 
2.00 
2.00 
2.00 
2.10 
2.20 
2.30 
2.30 
2.30 
2.40 
2.40 


I 


2.20 
2.20 
2.10 
2.10 
2.10 
2.30 
3.30 
3.40 
3.40 
3.20 
3.20 


D»y. 


12. 

13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 


Oct. 


2.00 
2.10 
2.00 
2.10 


Nov. 


2.50 
2.50 
2.40 
2.40 
2.40 
2.50 
2.00 
2.80 
3.10 
2.80 
2.50 


Dec. 


3.40 
3.20 
4.10 
3.40 
3.20 
3.10 
3.00 
2.80 
2.60 
2.60 
2.50 


Day. 


23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Oct. 

Nov. 

2.10 

2.50 

2.00 

2.40 

2.00 

2.30 

2.00 

2.30 

2.00 

2.20 

2.00 

2.20 

2.00 

2.20 

2.00 

2.10 

2.10 

2.10 

Deo. 


2.60 
2.40 
2.40 
2.40 
2.80 
2.70 
3.10 
3.00 
2.10 


TUOEERS  STATION  ON  HOOD  RIVER. 

This  station  is  located  at  Tuckers,  5  miles  south  of  Hood  Eiver, 
Oregon.  It  was  established  October  20, 1897,  by  Cyrus  0.  Babb.  The 
gage  is  of  the  wire  type.  The  rod  is  nailed  to  a  wooden  member  of 
the  bridge.  The  length  of  the  gage  wire  is  33.85  feet,  and  the  pulley 
is  2  feet  from  end  of  rod.  At  gage  height  1.50  the  water  is  30.10  feet 
below  edge  of  floor  at  side  of  inner  inclined  wooden  brace  at  station 
4.5  feet  from  east  end,  lower  side.  The  bottom  is  a  rock  ledge  and  the 
sides  are  precipitous.  The  observer  is  B.  B.  Tucker,  proprietor  of  a  saw- 
mill.   Measurements  were  made  as  follows  in  1897  by  Gyrus  0.  Babb : 

September  28,  gage  height,  1.70  feet;  discharge,  541  second- feet. 
October  20,  gage  height,  1.50  feet;  discharge,  459  second-feet. 

Daily  gage  height,  in  feet,  of  Hood  River  at  Tuokere,  Oregon,  for  1897. 


Day. 

Oct. 

Not. 

Deo. 

Day. 

Oot. 

Not. 

Dec. 

Day. 

Oot. 

Not. 

Dec 

1  .... 

1.60 
1.50 
1.50 
1.50 
1.70 
1.80 
1.60 
1.70 
2.10 
4.60 
4.80 

3.40  i 

3.00  I 

2.80 

2.70 

6.70  ' 

7.60 

7.30 

7.00 

5.50 

5.00  1 

4.90 

12 

5.20 
5.70 
3.80 
3.20 
3.00 
4.20 
9.00 
7.80 
6.00 
5.20 
4.10 

5.10 
6.00 
6.60 
5.40 
5.00 
4.60 
3.90 
3.00 
3.60 
8.60 
8.10 

28 

24 

25 

26 

27 

28 

29 

30 

i3^ 

1.80 
1.90 
1.80 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 

3.50 
3.10 
2.90 
2.00 
2.60 
2.60 
2.70 
4.00 

2.90 
2.90 
3.40 
4.00 
6.00 
8.97 
7.60 
6.00 
6.40 

2 

13 

3 

14 

1 

16 

5 

16 

6 

17 

7 

18 

8 

19 

9 

20 

21 

22 

1.50 
1.90 
1.80 

10 

11 

IBR  16- 


-6 
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SSaUIN  STATION  ON  BUNaBNBSS  BIVEB. 

Thii3  station  is  located  at  a  county  bridge  near  Segain  PoBi-<^ce,  18 
miles  southeast  of  Port  Angeles,  Washington,  and  9  miles  aboye  the 
mouth  of  the  river.  It  was  established  July  5, 1897,  by  A.  Judson 
AdamQ.  The  gage  consists  of  a  vertical  rod  fastened  to  the  down- 
stream side  of  the  crib  abutment  on  the  right  bank  of  the  river.  The 
bench  mark  is  a  spike  in  the  root  of  a  ilr  stump  4  feet  in  diameter^  about 
20  feet  north  of  north  end  of  bridge,  the  elevation  being  12.75  feet  above 
gage  datum.  The  initial  point  for  sounding  is  on  the  right  bank.  The 
channel  is  straight  for  some  distance  above  and  below  the  station. 
The  right  bank  is  high  and  not  liable  to  overilow.  The  left  bank  is  low 
and  is  flooded  during  freshets.  The  observer  is  David  Duncan,  farmer. 
Discharge  measurements  were  made  as  follows  by  A.  Judson  Adams 
in  1897 : 

July  5,  gage  height,  5.06  feet;  disoharge,  546  second- feet. 
August  17;  gage  height,  4.81  feet;  discharge,  357  second-feet. 
November  4,  gage  height,  4.36  feet;  discharge,  165  second-feet. 

Daily  gage  height,  in  feet,  of  Dungeneee  Miver  at  Seguin,  Waehingtcn,  fcf  18S7. 


Day. 


1.... 
2.... 
3.... 
4.... 

9.  •  •  • 

6.... 

7.... 

8.... 

9.... 
10.... 
11.... 
12..-. 
13.... 
14.... 

10. a • • 

16  ... 


July. 


5.05 
5.10 
5.06 
5.00 
5.00 
5.00 
5.10 
6.20 
5.05 
5.05 
6.05 
5.00 


Aug. 


4.70 
4.70 
4.70 
4.76 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.75 
4.70 
4.70 
4.70 
4.80 


Sept. 


4.60 
4.50 
4.65 
4.55 
4.50 
4.50 
4.40 
4.40 
4.40 
4.35 
4.85 
4.35 
4.40 
4.40 
4.40 
4.35 


Oct. 


4.30 
4.25 
4.25 
4.30 
4.25 
4.26 
4.20 
4.20 
4.20 
4.25 
4.30 
4.40 
4.80 
4.26 
4.20 
4.20 


Nov. 


4.50 
4.40 
4.40 
4.36 
4.36 
4.40 
4.40 
4.30 
4.40 
4.85 
5.05 
5.06 
4.86 
4.85 
4.60 


Dm. 


4.20 
6.20 
5.10 
6.10 
6.70 
6.26 
7.40 
6.10 
5.50 
5.20 
6.20 
6.00 
8.00 
5.20 
4*60 
4.85 


Dfty. 


17 
18 
19 
20 
21 
32 
23 
24 
25 
26 
37 
28 
29 
80 
81 


July. 


4.06 
4.90 
4.90 
6.00 
4.95 
4.90 
4.90 
4.90 
4.85 
4.80 
4.80 
4.80 
4.80 
4.80 
4.76 


Aug. 


4.80 
4.80 
4.86 
4.85 
4.90 
4.89 
4.80 
4.75 
4.70 
4.66 
4.55 
4.60 
4.56 
4.56 
4.76 


Sept 


4.35 
4.40 
4.4d 
4.30 
4.36 
4.49 
4.40 
4.40 
4.40 
4.40 
440 
4.40 
4.40 
4.36 


Oet. 


4.20 
4.20 
4.20 
4.30 
4.25 
4;  76 
5.05 
4.70 
4.60 
4.69 
4.50 
4.46 
4.45 
4.45 
4.40 


KOT. 


5.80 
8.10 
6.60 
6.90 
5.70 
5.50 
5.40 
5.85 
6.80 
5.20 
6.29 
6.10 
5.20 
5.30 


Dec. 


4.20 
4.10 
4.00 
4.00 
3.90 
8.90 
3.90 
8.96 
3.90 
8.80 
7.90 
5.80 
5.50 
5.09 
4.80 
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MCDONAI.I)  STATION  ON  BLWHA  BITEB. 

TMb  station  is  located  9  miles  southwest  of  Port  Angeles  at  MoDon- 
aid,  Clallam  County,  Washington,  at  the  new  county  bridge  and  was 
established  October  8, 1897,  by  A.  Judson  Adams.  The  horizontal  rod 
of  the  wire  gage  is  nailed  to  the  railing  of  the  north  side  of  the  bridge, 
the  9-foot  mark  being  opposite  the  fourth  upright  post  counting  fr(Hn 
the  east  end  of  the  bridge.  The  length  of  the  gage  wire  is  49.26  feet, 
and  the  distance  from  the  end  of  the  rod  to  outside  edge  of  pulley  is 
7.93  feet.  The  bench  mark  is  the  top  edge  of  the  top  side-rail  on  the 
north  side  of  the  bridge  at  the  third  upright  post  fr(Mn  the  east  end  of 
the  bridge,  and  its  elevation  is  41.34  feet  above  gage  datum.  The  ini- 
tial point  for  soundings  is  on  the  right  bank.  The  channel  is  straight 
for  some  distance  above  and  below  the  station.  Both  banks  are  high 
and  rocky  and  will  not  overflow.  The  bed  of  the  stream  is  rocky.  The 
observer  is  Thomas  H.  Stringham,  postmaster  at  McDonald.  The  fol- 
lowing measurements  of  discharge  were  made  by  A.  Judson  Adams  in 
1897: 

October  8,  gage  height,  0.95  foot;  disoharge,  406  seoond-feet. 
December  2S,  gage  height,  8.00  feet ;  discharge,  4,623  second-feet. 

Daily  gage  height,  in  feet,  of  Elwha  Elver  at  McDonald,  Washington,  far  1897, 


Day. 

Oct 

Nov. 

Deo. 

Day. 

Got 

Kov. 

Deo. 

Day. 

Got 

Nov. 

Deo. 

I 

1.20 
1.15 
1.15 
1.20 
1.25 
1.22 
1.22 
1.25 
S.30 
2.45 
3.60 

2.40 
2.00 
1.45 
2.50 
2.85 
4.5u 
0.40 
5.20 
4.30 
4.25 
3.95 

12 

IB 

1* 

15 

16 

17 

18 

19 

20 

21 

22 

1.10 

1.22 

.96 

.00 

.85 

.85 

.80 

1.25 

1.45 

2.65 

2.20 

2.40 
2.20 
2.19 
2.05 
1.99 
2.05 
14.50 
5.49 
4.00 
3.30 
3.05 

8.45 

3.60 

4.60 

3.80 

3.20  1 

3.50 

2.50 

2.45 

2.40  , 

2.90 

2.10 

23 

24 

25 

26 

27 

28. 

29 

30 

31 

2.50 
1.60 
1.86 
1.35 
1.30 
1.39 
1.25 
1.25 
1.20 

2.65 
2.35 
2.10 
1.95 
1.90 
1.45 
2.50 
2.90 

2.00 
2.10 
2.85 
2.55 
6.90 
8.95 
6.87 
4.55 

2 

3 

i 

5 

6 

7 

8 

9 

10 

11 

1.00 
1.00 
1.00 
1.00 
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FORKS  STATION  ON  OALOWA  RIYEB. 

This  station  is  located  at  the  county  highway  bridge  in  the  sonth- 
western  part  of  Clallam  Goanty  near  Forks,  Washington,  and  is  reached 
by  steamer  to  Glallam  Bay,  thence  overland  30  miles  by  wagon.  It  was 
established  Kovember  12,  1897,  by  A.  Judson  Adams.  The  horizontal 
rod  of  the  wire  gage  is  nailed  to  the  railing  of  the  wagon  bridge.  Both 
banks  are  high  and  rocky  and  do  not  overflow.  The  bed  of  the  stream 
is  gravelly.  The  observer  is  H.  0.  Whittier,  a  farmer,.i)ost-office,  Forks, 
Washington.  The  following  discharge  measurements  were  made  by 
A.  JudsoD  Adams  in  1897 : 

September  6,  page  height, feet;  discharge,  467  second-feet. 

November  12,  gage  height,  3.66  feet;  discharge  1,494  second-feet. 

Daily  g€Lge  height,  in  feet,  of  Calowa  River  at  Forks,  Washington,  for  1897, 


Day. 
1 

Nov. 

.Dec. 

Day. 

Nov. 

Deo. 

Day. 

Nov. 

Dec. 

Day. 

Nov. 

3.00 
2.15 
3.00 

Deo. 

4.00 
3.80 
3.00 
3.85 
6.70 
6.45 
0.60 
0.40 

9 

6.46 
6.50 
7.10 
6.70 
10.25 
8.00 
5.40 
4.30 

17 

18 

10 

20 

21 

22 

28 

24 

10.60 
17.00 
7.25 
5.00 
4.70 
4.05 
5.55 
8.10 

3.75 
3.30 
2.00 
2.70 
2.56 
2.40 
2.85 
2.40 

26 

26 

27 

28 

29 

30 

81 

3.05 
4.70 

15  fiO 

2 

10 

3 

11 

4 

12 

18 

14 

16 

16 

3.85 
8.00 
8.40 
2.05 
2.70 

2.80  '  10.50  1 

5 

3.00 
6.40 

6.66 
5.00 
4.10 

6 

7 

8 

QUILIiAYUTB  STATION  ON  SOLDUOK  BIYEB. 


This  station  is  located  at  the  county  highway  bridge  about  9  miles 
northeast  of  Lapush,  in  southwestern  part  of  Olallam  County,  near 
Quillayute,  Washington,  and  was  established  November  13,  1897,  by 
A.  Judson  Adams.  The  horizontal  rod  of  the  wire  gage  is  fastened  to 
the  railing  of  the  wagon  bridge.  The  channel  is  straight  for  some  dis- 
tance above  and  below  the  station.  The  banks  are  high  and  rocky 
and  do  not  overflow.  The  bed  of  the  stream  is  composed  of  rocks  and 
gravel.  The  observer  is  Peter  Van  Bossche,  a  former,  address  Qnil- 
layute,  Washington.  The  following  measurements  were  made  by  A. 
Judson  Adams  in  1897 : 

September  1,  gage  height, feet;  discharge,  S58  second-feet. 

November  13,  gage  height,  4.00  feet ;  discharge,  1,898  second-feet. 

Daily  gage  height,  in  feet,  of  Solduok  River  at  Quillayute,  Washington,  for  1897. 
Nov 


Day. 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 


Dec. 


4.d5 
4.30 
3.90 
3.65 
6.80 
5.45 
9.10 
8.95 


D»y. 


9. 
10. 

n. 

12. 
13. 
14. 
15, 
16. 


Nov. 


4.00 
8.46 
8.10 
2.90 


Dec. 


7.15 
6.45 
7.10 
6.35 
7.55 
8.90 
6.30 
5.40 


Day. 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 


Nov. 


3.05 
11.90 
8.35 
5.90 
5.40 
4.90 
4.40 
4.00 


Dec. 


4.75 
4.85 
4.05 
3.80 
3.60 
8.45 
3.30 
8.30 


Day. 


25. 
26. 
27. 
28. 
29. 
30. 
31. 


Nov. 


8.75 
8.65 
8.60 
8.40 
3.60 
6.65 


Dec. 


4.20 
4.00 
9.80 

14.  ao 

8.40 
6.S5 
6.50 


WATERSHED   OF   8AN   FRANCISCO   BAY. 
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JELLTS  FBRRY  STATION  ON  SACRAMENTO  RIYER. 

This  station,  as  described  in  the  Eighteenth  Annual  Report,  Part 
IV,  page  365,  is  located  about  12  miles  above  the  town  of  Bedbluii',  Cal- 
ifornia, at  a  crossing  of  a  county  road  at  Jellys  Ferry.  The  observer, 
Fred  Lemstrom,  is  the  ferryman.  The  ferry  cable  is  used  in  the  discharge 
measurements.  The  gage  consists  of  a  vertical  rod  marked  to  tenths  of 
a  foot  It  is  made  in  three  sections  and  nailed  firmly  to  trees.  Besides 
the  gage  rod  at  this  point,  another  rod  is  located  1,206  feet  upstream 
from  the  gage  and  another  350  feet  downstream,  in  order  to  determine 
the  slox)e  of  the  water  surface.  Bench  mark  No.  1  is  on  an  oak  tree  on 
the  left  bank  1,206  feet  upstream  from  the  ferry  and  65  feet  north  of  the 
upper  rod,  and  is  22.724  feet  above  gage  datum.  Bench  mark  No.  2  is 
on  an  oak  tree  on  the  left  bank  of  the  river  300  feet  below  the  cable, 
and  is  22.429  feet  above  gage  datum.  The  channel  for  1,000  feet  above 
and  below  the  station  is  nearly  straight.  The  right  bank  is  high,  but 
the  left  bank  is  liable  to  overflow  when  the  water  rises  above  the  25-foot 
mark.  The  bed  of  the  stream  consists  of  gravel,  and  changes  slightly. 
The  following  discharge  measurements  were  made  in  1897  by  J.  B. 
Lippincott  and  Fred  Lemstrom : 


Date. 

Gage 
heignt. 

Dis- 
charge. 

1 

See.  ft. 

Date. 

aage 
height. 

Dis. 
charge. 

See.ft. 

Date. 

Gage 
height. 

Feet. 

Dis- 
charge. 

See.ft. 

Feet. 

Feel, 

Mar.  13... 

10.30   18,568  ' 

Jnne  28  ... 

6.42 

6,493 

Oct.  28... 

5.70 

4,202 

Mar.  29... 

14. 40  28, 319 

1    ' 

July  13. .'. . 

5.95 

5,  032  1 

Nov.  13  . . 

5.70 

4,196 

Apr.    3... 

10.85  21,519 

July  28.... 

5.70 

5,082  ; 

Nov.  28  .. 

5.95 

6,179 

Apr.  16... 

12.20  25,806 

Aug.  13.... 

5.60  j  4,285 

Dec.  13... 

7.40 

10, 151 

Apr.  30... 

10.30 

18, 544 

Aug.  28.... 

5. 50     4, 490 

Dec.  17... 

6.85 

8,195 

May  14... 

9.00 

14, 719 

Sept.  13  ... 

5.50 

4,257 

Dec.  17... 

6.85     8,802    I 

May  28... 

7.50 

10, 193 

Sept. 28  ... 

5.50 

4,418 

Dec.  28... 

5.95  ,  6,105 

June  11 .. 

6.50 

7, 277  , 

i 

Oct.  13 

5.60 

4,591 

BEDBLUPF   STATION. 

This  station,  as  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  362^  is  located  at  the  wagon  bridge  in  the  town  of  Bedbluff,  Cali- 
fornia. The  observations  of  gage  heights  are  maintained  by  the  Weather 
Boreaa  and  are  taken  by  Manrice  Oonnell.  The  vertical  rod,  30  feet 
long,  is  nailed  to  a  large  sycamore  tree  on  the  left  bank  of  the  river 
about  25  feet  above  the  bridge. 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


Daily  gage  height,  in  feet,  of  Sacramenio  River  at  Jelly  b  Ferry,  California,  for  1897. 


.     Day. 

Jan. 

Feb. 

Mar. 

16.45 

13.45 

12.35 

11.60 

11.00 

11.75 

12.20 

11.05 

11.75 

11.80 

10.60 

10.30 

0.85 

0.55 

0.45 

0.65 

9.75 

0.60 

0.55 

0.55 

0.10 

8.85 

8.65 

8.50 

8.70 

10.15 

10.10 

15.00 

14.55 

13.10 

12.15 

Apr. 

May. 

June. 

] 
'July. 

1 

Aug. 

5.70 
5.70 
5.70 
5.70 
5.60 
5.60 
5.60 
5.60 
5.60 
5.60 
5.60 
5.60 
5.60 
5.60 
5.60 
5.60 
5.60 
5.50 
6.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.60 
5.50 
5.50 
5.50 
5.50 
5.60 
5.50 

Sept. 

Oct. 

5.50 
5.60 
6.60 
6.50 
6.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.60 
5.50 
6.60 
5.60 
5.60 
5.60 
5.60 
5.60 
5.60 
5.00 
5.70 
6.70 
6.00 
6.30 
5.80 
5.80 
5.70 
5.70 
5.70 
5.70 

Not. 

5.70 
5.70 
5.70 
5.70 
5.70 
5.70 
5.70 
5.70 
5.70 
5.70 
5.70 
5.70 
5.70 
6.70 
5.70 
5.70 
5.70 
5.70 
5.70 
6.10 
0.30 
6.00 
7.00 
6.60 
6.80 
6.10 
6.00 
5.00 
5.00 
5.00 

Defi. 

1 

13.10 
11.25 
10.25 
0.50 
0.00 
8.65 
8.45 
8.25 
8.06 
7.85 
7.75 
7.60 
7.66 
7.60 
7.50 
7.40 
7.25 
7.10 
7.00 
7.00 
6.05 
6.00 
6.00 
6.05 
7.00 
6.00 
6.00 
7.46 
17.45 
18.05 
13.80 

10.75 
10.20 
18.70 
20.53 
23.77 
22.60 
20.30 
16.90 
16.40 
14.00 
12.75 
12.25 
11.55 
11.15 
11.00 
13.10 
12.00 
11.80 
13.00 
13.20 
11.55 
10.65 
10.15 
0.85 
0.00 
10.00 
10.10 
10.00 

12.65 
11.85 
10.85 
10.55 
10  50 
10.70 
11.20 
11.25 
11.35 
11.55 
12.00 
12.05 
12.00 
11.05 
12.10 
12.20 
12.15 
12.25 
12.45 
13.05 
12.10 
11.55 
11.15 
10.85 
10.80 
11.00 
11.20 
11.00 
10.66 
10.30 

10.20 
10.05 
0.00 
0.00 
0.05 
0.05 
0.60 
0.25 
O.OU 
8.05 
0.20 
0.05 
0.05 
0.00 
8.85 
8.80 
8.65 
8.50 
8.30 
8.30 
8.20 
8.10 
8.00 
8.00 
7.00 
7.70 
7.50 
7.45 
7.80 
7.30 
7.20 

7.15 
7.10 
7.00 
6.05 
6.00 
6.80 
6.70 
0.70 
6.60 
6.50 
6.50 
6.50 
6.40 
6.40 
6.55 
6.50 
6.40 
6.30 
6.35 
6.80 
7.20 
6.95 
6.85 
6.65 
6.65 
6.50 
6.50 
6.40 
6.40 
6.30 

6.25 
6.20 
6.20 
6.20 
6.15 
6.10 
6.10 
6.10 
6.10 
6.00 
6.00 
6.00 
6.00 
5.00 
5.90 
5.00 
5.00 
5.80 
5.80 
5.80 
5.80 
5.80 
5.80 
5.80 
5.80 
5.70 
5.70 
5.70 
5.70 
5.70 
5.70 

5.50 
5.60 
5.50 
5.60 
6.60 
5.50 
5.50 
5.50 
5.50 
5.5o 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.60 

6.00 

2 

5.00 

3 

5.80 

4 

5.80 

6 

5.80 

6 

6.0O 

7 

6.50 

8 

0.70 

9 

7.80 

10 

7.20 

11 

8.40 

12 

8.30 

13 

14 

15 

7.40 
8.00 
7.60 

16 

17 

7.20 
6.80 

18 

6.60 

10 

6.50 

20 

6.40 

21 

6.30 

22 

6.10 

23 

6.10 

24 

6.10 

25 

6.00 

26 

6.00 

27 

5.00 

28 

5.00 

20 

5.00 

80 

31 

5.90 
5.90 

Daily  gage  height,  in  feet,  of  Sacramento  Biver  at  Redhluff,  California,  for  1897. 


Bay. 


1... 

2... 

3... 

4... 

5... 

6... 

7... 

8... 

0... 
10... 
11... 
12... 
18... 
14... 
15... 
16... 
17... 
18... 
10... 
20... 
21... 
22... 
23... 
24... 
25... 
26... 
27... 
28... 
20... 
80... 
81... 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 
1.0 

Aug. 
0.1 

Sept. 
0.6 

Oct 

7.2 

16.0 

13.6 

7.0 

6.0 

2.8 

0.0 

6.1 

15.6 

11.0 

7.6 

6.1 

2.8 

LO 

.7 

.2 

5.7 

14.0 

8.6 

7.4 

6.0 

2.3 

1.0 

.3 

.3 

5.2 

17.7 

8.0 

6.5 

6.8 

2.0 

1.0 

.2 

.2 

4.0 

20.7 

7.8 

6.1 

6.6 

2.0 

1.0 

.1 

.1 

4.4 

21.6 

7.8 

6.1 

6.3 

2.0 

.0 

.1 

.1 

4.3 

15.5 

7.0 

5.8 

5.0 

1.0 

.0 

.1 

.1 

4.1 

13.2 

6.0 

7.1 

5.0 

1.0 

.0 

.1 

.1 

3.0 

11.6 

7.6 

7.0 

5.0 

1.7 

.0 

.1 

.1 

8.6 

10.0 

6.0 

7.4 

5.0 

1.7 

.8 

.1 

.0 

3.4 

0.0 

6.0 

7.8 

5.0 

1.6- 

.7 

,1 

.0 

3.0 

8.6 

6.0 

8.0 

5.0 

1.5 

.7 

.1 

.1 

3.2 

7.5 

5.6 

8.0 

4.0 

1.3 

.7 

.1 

.3 

3.0 

7.0 

5.2 

7.8 

4.0 

1.0 

.6 

.1 

.5 

8.1 

7.1 

5.0 

8.0 

4.8 

1.0 

.5 

.1 

.4 

2.4 

8.5 

5.0 

8.0 

4.6 

1.0 

.5 

.1 

.3 

2.2 

8.2 

5.3 

8.1 

4.8 

i:o 

.5 

.1 

.2 

2.1 

7.4 

5.8 

8.1 

4.2 

1.0 

.3 

.0 

.1 

2.0 

10.0 

5.1 

8.1 

4.2 

1.8 

.8 

.0 

.1 

2.0 

11.0 

4.0 

8.0 

4.0 

2.0 

.2 

.0 

.2 

2.0 

7.6 

4.6 

8.0 

4.0 

2.0 

.2 

.0 

.4 

2.0 

6.7 

5.0 

8.0 

4.0 

1.0 

.2 

.0 

1.0 

2.0 

6.0 

5.2 

7.6 

4.1 

2.0 

•  X. 

.0 

1.2 

2.0 

5.0 

6.1 

7.4 

4.1 

2.0 

•  X 

.0 

1.0 

2.0 

5.8 

6.1 

7.1 

4.1 

1.4 

■  Jl 

.0 

1.0 

2.0 

5.0 

8.6 

7.0 

4.1 

1.4 

■  X 

.0 

.8 

2.0 

5.6 

10.7 

6.0 

3.8 

1.0 

•  X 

.0 

.7 

2.4 

6.0 

0.0 

6.8 

3.7 

1.0 

•   1 

.0 

\0 

.6 

14.0 

8.6 

6.6 

3.7 

1.0 

•  X 

.0 

.0 

.5 

11.1 

8.1 

6.0 

3.7 

1.0 

•    % 

.0 

.0 

.5 

10.0 

8.4 

3.7 

m  X 

.0 

.3 

« 

Not.  I    Dec. 


0.3 
.3 
.5 
.5 
.6 
.4 
.3 
.8 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.4 
.4 
.6 
.8 
1.0 
1.3 
1.4 
.0 
.0 
.4 
.4 
.4 
.4 
.4 
.4 


0.4 
.4 
.6 
.7 
1.3 
8.2 
8.4 
7.2 
6.5 
5.8 
4.4 
5.0 
4.0 
8.0 
4.0 
2.0 
1.9 
1.6 
1.6 
1.4 
1.0 
1.0 
1.0 
1.0 
I.O 
1.0 
1.0 
1.0 
1.0 
1.0 
.9 


WATERSHED   OF   SAN   FRANCISCO    BAY. 
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OAKDAIiE  STATION  ON  STANISLAUS  RIVER. 

This  station,  described  in  the  Eighteenth  Animal  Eeport,  Part  lY, 
page  371,  is  located  at  the  wagon  bridge  one-half  mile  north  of  the  town 
of  Oakdale,  California.  One  gage  rod  is  set  between  the  sonth  or  left 
hand  piears  of  the  wagon  bridge  on  the  side  toward  the  water,  and  can 
be  read  from  the  bridge.  The  datum  is  27.92  feet  below  the  top  of  the 
southeast  iron  pier  of  the  wagon  bridge.  A  rod  for  the  lowest  readings 
of  the  river  is  125  feet  below  the  wagon  bridge  on  the  left  bank  and 
referred  to  the  same  datum.  A  secondary  gage  for  determining  the 
slope  of  the  river  is  attached  to  the  crib  abutment  of  the  Southern 
Pacific  llailroad  bridge,  1,071  feet  below  the  wagon  bridge  and  referred 
to  the  same  datum  as  the  upper  gage.  Its  zero  is  5.02  feet  below  the 
top  of  the  cap  on  the  piles  of  the  south  crib  pier  of  the  railroad  bridge. 
This  pier  has  settled  during  the  last  year.  The  channel  of  the  river  is 
uniform  and  straight  above  and  below  the  station,  and  both  banks  are 
high  enough  to  prevent  overflow  in  all  except  extreme  conditions  of 
flood.  The  bed  of  the  stream  at  this  point  is  of  sand  and  gravel  and 
changes  only  slightly.  The  observer  is  Frank  Templin.  The  following 
discharge  measurements  were  made  in  1897  by  J.  B.  Lippincott  and  A. 
Q.  Campbell: 

February  16,  gage  height,  4.22  feet;  dincharge,  1,346  eecond-feet. 
May  30,  gage  height,  8.60  feet;  discharge,  6,754  second-feet. 
July  14,  gage  height,  3.20  feet;  discharge,  1,015  second- feet. 
September  5,  gage  height,  2.00  feet;  discharge,  144  second- feet. 
October  29,  gage  height  2.40  feet ;  discharge,  223  second-feet. 
December  19,  gage  height  3.00  feet ;  discharge,  429  second-feet. 

DaUjf  gage  height,  in  feet,  of  Stanislaus  River  at  Oahdale,  California,  for  1897, 


Bay. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jnly. 

3.80 
3.90 
4.00 
3.90 
3.80 
3.80 
3.70 
3.50 
3.50 
3.30 
3.10 
8.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.00 

Aug. 

Sept. 

Oct. 

Nov. 

2.20 
2.20 
2.30 
2.30 
2.20 
2.20 
2.30 
2.30 
2.20 
2.20 
2.20 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
8.00 
3.10 
3.50 
3.00 
2.80 
2.60 
2.60 
2.40 
2.40 

Deo. 

1 

3.60 
3.30 
3.10 
3.10 
3.00 
8.00 
3.00 
3.00 
3.00 
3.00 
2.90 
2.90 
3.00 
3.83 
8.10 
3.00 
2.90 
2.00 
2.90 
2.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.00 
2.90 
5.15 
4.53 
4.40 

8.66 
8.52 
6.10 

11.20 
0.50 

10.00 
0.00 
6.20 
5.50 
5.10 
4.80 
4.80 
4.50 
4.30 
4.*20 
4.10 
6.07 
5.00 
5.47 
5.63 
6.00 
4.60 
4.40 
4.30 
4.30 
4.40 
4.50 
5.50 

5.00 
4.70 
4.60 
4.50 
4.40 
4.90 
5.50 
5.10 
4.90 
4.60 
4.40 
4.30 
4.30 
4.10 
4.10 
4.10 
4.40 
5.15 
5.13 
4.60 
4.50 
4.30 
4.30 
4.30 
4.50 
4.80 
4.80 
7.40 
6.00 
5.40 
5.10 

5.60 
5.00 
4.90 
4.80 
4.90 
i(.10 
5.50 
5.60 
5.90 
6.50 
7.00 
7.40 
7.60 
8.20 
8.70 
9.20 
9.80 
10.80 
9.00 
7.90 
7.20 
7.20 
6.80 
6.80 
7.50 
8.70 
9.20 
9.60 
8.90 
8.80 

8.40 
9.53 
10.11 
10.80 
10.50 
9.53 
8.80 
8.20 
8.50 
8.40 
9.20 
9.42 
9.13 
9.07 
8.77 
8.62 
8.45 
8.20 
8.00 
9.53 
9.03 
9.23 
10.60 
10.10 
9.10 
8.00 
8.00 
8.20 
8.20 
8.00 
7.70 

6.60 
6.20 
6.00 
6.00 
5.90 
6.90 
6.00 
6.40 
6.50 
5.80 
5.40 
6.10 
5.20 
5.40 
4.90 
4.50 
4.10 
3.90 
3.90 
3.90 
4.10 
4.00 
3.90 
3.90 
3.90 
3.90 
8.70 
3.60 
3.70 
3.80 

2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.80 
2.30 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 

2.20 
2.20 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 

1.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.20 
2.30 
2.20 
2.10 
2.10 
2.10 
2.10 
2.20 
2.20 
2.40 
2.50 
2.40 
2.30 
2.30 
2.30 
2.20 
2.20 

2.50 
2.50 
2.50 
2.40 
2.40 
2.30 
2.40 
2.70 
4.40 
3.40 
3.10 
3.00 
8.40 
8.00 
3.20 
3.00 
2.90 
2.80 
2.80 
2.60 
2.80 
2.70 
2.60 
2.40 
2.70 
2.60 
2.50 
2.80 
2.90 
2.70 
2.70 

2 

3 

4 

6 

0 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

10 

2. 90     2. 10 
2.80  ,  2.20 

20 

21 

2.80 
2.80 
2.70 
2.70 
2.60 
2.60 
2.60 
2.50 
2.50 
2,50 

2.80 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 

22 

23 

24 

25 

26 

27 

28 

29 

80 

31 

2. 50     2. 20 

1 

1 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


LAGUANOB  STATION  ON  TUOLUMNE  RIYEB. 

This  station,  described  in  the  Eigbteeenth  Animal  Report.  Part  lY, 
page  378,  is  located  at  tbe  bridge  in  the  town  of  Lagrange,  California, 
32  miles  from  Modesto.  The  vertical  gage  rod  is  fastened  to  timbers 
between  the  two  iron  piers  on  the  right  bank  of  the  river.  The  bench 
mark  is  a  nail  driven  into  the  bottom  of  the  west  post  of  the  fifth  bent 
sonth  of  the  sonth  iron  cylinder  and  is  15.31  feet  above  the  zero  of  the 
rod.  The  channel  both  above  and  below  the  bridge  is  straight  for  sev- 
eral hundred  feet  and  the  velocity  of  the  streiam  is  qaite  uniform. 
Both  banks  are  high  and  not  subject  to  overflow.  The  bed  is  of  gravel. 
The  observer  is  Gleo  Pereira.  The  following  is  a  list  of  discharge 
measurements  made  by  J.  B.  Lippincott  and  A.  Q.  Campbell  in  1897 : 

Febraary  15,  gage  height,  5.80  feet;  diacharge,  1,864  second-feet. 
May  29,  gage  height,  9.25  feet;  discharge,  11,594  second-feet. 
July  12,  gage  height,  5.70  feet;  discharge,  1,839  second-feet. 
September  7,  gage  height,  4.00  feet;  discharge,  95  second-feet. 
October  30,  gage  height,  4.73  feet;  discharge,  534  second-feet. 
December  20,  gage  height,  4.85  feet ;  discharge  614  second-feet. 

Daily  gage  height,  in  feet,  of  Tuolumne  Biver  at  Lagrange,  California,  for  1897. 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
U. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
81. 


Jan. 


Feb. 


5.55 
5.25 
5.15 
5.20 
5.10 
5.10 
5.10 
5.10 
5.10 
5.00 
5.00 
5.00 
5.05 
5.40 
5.10 
5.10 
5.10 
5.00 
4.90 
4.00 
4.90 
4.95 
5.00 
5.00 
5.00 
5.35 
6.45 
6.40 
6.40 
6.55 
6.20 


8.95 
8.85 
9.05 
9.80 
8.95 
8.10 
8.30 
7.10 
6.90 
6.35 
6.20 
6.20 
6.20 
5.95 
5.80 
5.70 
7.00 
6.90 
6.70 
6.80 
6.50 
6.30 
6.10 
6.00 
6.00 
6.20 
6.30 
6.80 


Mar. 


6.80 
6.40 
6.40 
6.20 
6.10 
6.80 
6.80 
6.30 
6.30 
6.20 
6.20 
6.10 
6.10 
6.00 
6.00 
6.00 
6,00 
6.70 
7.80 
6.50 
6.60 
6.20 
6.10 
6.30 
6.40 
6.70 
6.70 
9.00 
8.70 
7.40 
6.60 


Apr. 


6.50 
6.40 
6.30 
6.40 
6.60 
6.90 
7.00 
7.20 
7.80 
7.40 
7.60 
7.90 
8.20 
8.60 
8.90 
9.30 
9.60 
9.80 
9.90 
8.70 
8.60 
8.40 
8.30 
8.10 
7.50 
7.80 
7.90 
8.20 
8.30 
8.60 


May. 


8.70 
8.90 
9.30 
9.60 
9.70 
0.80 
9.90 
9.50 
9.80 
9.70 
9.00 
9.80 
9.20 
9.10 
9.70 
9.00 
8.80 
8.60 
8.90 
9.20 
9.60 
10.00 
10.10 
10.20 
10.30 
9.00 
9.20 
9.10 
9.20 
9.30 
9.00 


June. 


8.30 
8.00 
7.90 
8.00 
8.0O 
8.20 
8.50 
a.  20 
8.20 
8.60 
8.00 
7.60 
7.50 
7.30 
7.00 
6.90 
6.40 
6.20 
6.00 
6.80 
6.40 
6.50 
6.40 
0.20 
6.40 
6.50 
6.60 
6.60 
6.70 
6.70 


July. 


6.60 
6.70 
6.80 
6.80 
6.90 
6.70 
6.50 
6,20 
6.00 
6.40 
6.80 
6.10 
6.20 
5.80 
5.60 
5.50 
5.40 
6.40 
6.40 
5,50 
5.40 
5.30 
5.20 
5.00 
5.00 
4.00 
5.00 
4.90 
4.80 
4.90 
4.70 


Aug. 

Sept. 

Oct 

Nov. 

Dec. 

4.70 

4.10 

8.80 

4.70 

5.30 

4.60 

4.10 

3.80 

4.70 

5.10 

4.60 

4.10 

3.80 

4.80 

5.00 

4.50 

4.00 

3.80 

4.70 

4.90 

4.60 

4.00 

3.00 

4.70 

4.00 

4.50 

4.00 

8.00 

4.00 

4.80 

4.50 

4.00 

8.00 

4.70 

4.80 

3.80 

4.00 

3.80 

4.60 

6.60 

4.80 

3.90 

3.80 

4.60 

6.80 

4.50 

4.00 

8.80 

4.60 

6.00 

4.50 

4.00 

4.70 

4.60 

5.00 

4.50 

4.00 

4.00 

4.60 

6.80 

4.30 

4.00 

8  80 

4.70 

5.70 

4.30 

8.90 

8.00 

4.60 

5.40 

4.80 

3.90 

3.00 

4.60 

6.60 

4.80 

3.00 

4.40 

4.60 

6.80 

4.10 

8.80 

4.80 

4.60 

6.10 

4.10 

3.80 

4.70 

4.60 

5.10 

4.20 

3.00 

4.80 

4.60 

6.00 

4.30 

3.40 

8.80 

4.40 

5.40 

4.30 

8.40 

3.90 

6.40 

4.80 

4.20 

3.50 

3.00 

6.40 

4.80 

4.20 

8.60 

8.00 

5.70 

4.80 

4.10 

8.80 

5.00 

5.10 

4.80 

4.10 

8.80 

4.70 

5.20 

4.80 

4.10 

3.80 

4.50 

6.20 

4.80 

4.20 

3.80 

4.50 

6.00 

4.80 

4.10 

3.80 

4.60 

6.(10 

4.80 

4.20 

8.80 

4.60 

6.00 

4.80 

4.10 

8.80 

4.70 

5.00 

4.80 

4.10 

4.70 

4.80 

WATERSHED   OP   SAN   FRANCISCO   BAY. 
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MODESTO  STATION  ON  TUOLUMNE  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  384,  is  located  one-half  mile  south  of  the  depot  and  at  the  wagon- 
road  bridge  at  Modesto,  California.  The  gage  is  a  Tertical  rod  2  by  6 
inches,  fastened  on  the  soath  side  of  the  central  railroad  pier.  The  top 
of  the  rail  at  the  central  pier  is  46.05  feet  above  the  datam  of  the  gage. 
The  discharge  measurements  are  made  from  the  wagon  bridge,  100  feet 
west  of  the  railroad  bridge.  The  initial  point  for  sounding  is  at  the 
pier  on  the  right  bank.  The  channel  above  and  below  the  station  is 
straight,  but  in  the  summer  stages  of  the  stream  the  current  is  very 
slnggish.  The  right  bank  shows  indications  of  overOow.  The  observer 
is  «T.  T.  Beed.    !No  discharge  measurements  were  made  in  1897. 

Daily  gage  height,  infeetj  of  Tuolumne  Biver  at  Modesto,  California,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

6.50 
6.63 
6.17 
4.83 
4.79 
4.71 
4.68 
4.67 
4.58 
4.56 
4.48 
4.44 
4.19 
4.76 
5.79 
6.04 
4.88 
4.56 
4.46 
4.38 
4.29 
4.21 
4.13 
4.17 
4.17 
4.13 
4.13 
4.04 
8.45 
6.50 
6.54 

11.97 

18.00 

11.79 

9.17 

18.88 

19.25 

12.25 

12.60 

9.29 

8.25 

7.68 

7.8b 

7.18 

6.92 

6.46 

6.46 

8.83 

8.63 

8.88 

9.78 

8.58 

7.71 

7.42 

7.21 

7.00 

7.00 

7.25 

7.60 

*  •  •  •   •  ■  « 

7.42 
8.88 
7.58 
7.46 
6.96 
7.38 
9.83 
8.17 
7.50 
7.25 
7.13 
6.83 
6.63 
6.54 
6.46 
6.54 
6.78 
7.42 
9.86 
8.04 
7.50 
7.08 
6.75 
6.81 
7.08 
7.67 
7.88 
7.75 
12.67 
9.42 
8.25 

7.92 

8.25 

7.50 

7.46 

7.71 

7.88 

8.46 

8.92 

9.21 

0.88 

10.46 

11.21 

11.88 

11.96 

11.60 

12.96 

13.54 

14.21 

14.25 

13.04 

11.42 

11.08 

10.50 

9.92 

9.83 

10.83 

11.92 

18.21 

18.42 

18.25 

13.42 
13.46 
12.83 
14.17 
15.92 
16.54 
16.35 
15.08 
14.54 
13.33 
18.29 
14.29 
15.00 
15.21 
15.79 
15.04 
14.67 
14.04 
13.58 
14.79 
15.79 
16.88 
17.29 
17.75 
17.92 
16.96 
15.46 
14.54 
15.08 
15.00 
15.04 

14.87 

13.00 

11.96 

12.04 

12.08 

12.25 

12.62 

12.83 

12.43 

12.08 

12.17 

10.97 

10.66 

11.25 

10.92 

9.42 

8.83 

8.83 

7.92 

7.66 

8.06 

8.12 

8.04 

8.12 

8.17 

8.04 

7.42 

7.58 

7.66 

7.92 

8.17 
8.42 
8.58 
8.62 
8.17 
7.70 
7.54 
7.12 
6.76 
6.58 
6.50 
6.50 
6.87 
6.83 
6.83 
6.68 
6.70 
6.37 
6.54 
5.88 
5.88 
5.42 
5.25 
5.17 
5.12 
6.00 
4.96 
4.88 
4.79 
4.75 
4.66 

4.66 
4.58 
4.54 
4.50 
4.46 
4.87 
4.29 
4.21 
4.12 
4.08 
4.08 
4.17 
4.17 
4.08 
3.96 
3.92 
3.92 
3.83 
8.83 
3.92 
3.83 
8.83 
3.  S3 
3.96 
4.08 
4.17 
8.96 
8.87 
8.79 
3.75 
3.75 

8.70 
3.66 
3.58 
3.54 
3.50 
3.46 
3.88 
3.38 
8.33 
3.83 
8.83 
8.83 
3.25 
3.26 
3.25 
8.25 
8.17 
8.17 
8.17 
8.25 
8.25 
8  17 
8.17 
8.17 
8.17 
3.13 
3.17 
8.17 
8,17 
3.17 

8.18 
3.21 
3.25 
8.25 
8.17 
3.13 
3.26 
3.17 
3.29 
3.25 
3.21 
8.29 
8.37 
3.37 
3.29 
3.87 
3.62 
8.79 
3.96 
3.87 
8.66 
3.58 
3.54 
3.87 
3.96 
4.50 
4.42 
4.42 
4.25 
4.12 
4.08 

4.12 
4.25 
4.87 
4.08 
4.83 
4.12 
4.12 
4.04 
4.04 
4.04 
3.96 
4.08 
4.04 
8.96 
4.12 
4.12 
4.04 
8.92 
8.87 
3.83 
2.92 
8.08 
7.87 
7.08 
7.20 
6.25 
6.58 
5.12 
5.04 
4.75 

4.58 
4.75 
4.58 
4.54 
4.50 
4.25 
4.48 
4.21 
9.66 
7.33 
6.12 
5.62 
5.54 
6.04 
5.87 
5.58 
5.17 
6.00 
4.87 
4.54 
4.46 
4.37 
4.60 
4.50 
4.33 
4.25 
4.12 
4.04 
4.04 
4.04 
4.04 

2 

8 

4 

5 

« 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 
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OPERATIONS  AT  RIVEB   STATIONS,  1897. 


HERNDON  STATION  ON  SAN  JOAQUIN  BIVEB. 

This  station,  as  desoribed  ia  the  Sighteenth  Annual  B6i>ort,  Part 
lY,  page  385,  is  located  at  the  wagon  bridge  half  a  mile  north  of 
Hemdon  and  12  miles  north  of  Fresno,  California,  on  the  Southern 
Pacific  Eailroad.  The  gage  consists  of  a  vertical  rod  fastened  to  the 
lower  side  of  the  south  central  railroad  bridge  pier.  The  bench  mark 
is  at  the  south  end  of  the  wagon  bridge  trestle  on  the  west  side,  on  a 
nail  in  a  post  0.2  of  a  foot  above  the  ground  and  marked  by  a  ^'B.  M.'' 
cut  in  the  post.  The  elevation  above  rod  datum  is  24.12  feet.  A  gage 
on  the  same  datum  is  also  painted  on  the  southwest  cylinder.  The 
initial  point  for  soundings  is  on  the  left  bank  at  the  south  cylinder.  The 
channel  for  000  feet  above  and  3,000  feet  below  the  bridge  is  straight 
and  the  water  has  a  uniform  and  moderate  velocity.  There  are  no 
piers  in  the  bed  of  the  stream  to  disturb  the  current  and  the  section 
is  a  satisfactory  one.  The  right  bank  is  high,  rocky,  and  steep.  The 
bed  of  the  stream  is  sandy  and  gravelly.  The  observer  is  G.  Gr. 
INelson.  The  following  discharge  measurements  were  made  by  J.  B 
Lippincott  and  A.  Q.  Oampbell  in  1897 : 

February  14,  f^tkge  height,  3.58  feet;  discharge,  1,117  second-feet. 
May  31,  gage  height,  8.60  feet;  discharge,  10,774  second-feet. 
July  16,  gage  height,  4.50  feet;  discharge,  3,223  second- feet. 
September  8,  gage  height,  2.66  feet;  discharge,  271  second-feet. 
November  2,  gage  height,  2,92  feet;  discharge,  515  second-feet. 
December  21,  gage  height,  3.00  feet ;  discharge,  6d9  second-foet. 

Daily  gage  height,  in  feet,  of  San  Joaquin  Biver  at  Hemdon,  California,  for  1897. 


I>»y. 

Jul. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Ang. 

Sept 

Oct. 

Nov. 

Dec. 

1 

2 

3 

3.17 
8.00 
3.00 

4.88 
9.83 
5.17 
4.54 
4.13 
6.46 
5.00 
4.58 
4.13 
4.00 
3.70 
3.67 
3.54 
3.58 
8.60 
8.50 
8.42 
4.13 
4.00 
4.13 
3. 96 
3.79 
3.75 
8.58 
3.60 
3.60 
8.42 
8.06 

4.00 
4.54 
4.00 
4.00 
4.00 
3.75 
5.20 
4.79 
4.17 
4.00 
4.00 
3.92 
8.83 
3.83 
8.83 
8.75 
8.92 
3.83 
4.75 
4.08 
4.00 
3.92 
3.83 
4.00 
8.92 
4.00 
4.50 
4.29 
5.88 
4.29 
4.08 

4.13 

4.88 

4.13 

4.17 

4.21 

4.17 

4.33 

4.46. 

5.29 

5.63 

5.7J 

0.50 

6.71 

6.83 

7.18 

7.75 

7.79 

8.17 

7.66 

6.87 

6.42 

6.46 

6.29 

6.17 

6.00 

6.71 

7.46 

7.67 

7.67 

7.54 

7.50 
7.46 
7.67 
8.79 
9.13 
9.25 
9.21 
8.38 
8.25 
8.25 
8.42 
8.58 
9.08 
9.25 
8.96 
8.67 
&13 
8.21 
8.18 
7.92 
8.83 
9.50 
9.96 
10.17 
9.70 
9.12 
8.58 
8.79 
8.87 
8.70 
8.54 

8.37 
7.42 
7.12 
7.29 
7.12 
7.25 
7.12 
7.29 
7.12 
7.04 
6.42 
6.37 
6.50 
6.92 
6.54 
6.21 
5.46 
6.04 
4.70 
4.70 
4.54 
4.42 
4.29 
4.29 
4.83 
4.46 
4.21 
4.21 
4.37 
4.54 

4.92 
6.21 
5.21 
5.25 
5.00 
5.00 
4.79 
4.50 
4.25 
4.12 
4.12 
4.29 
4.87 
4.79 
4.58 
4.50 
4.33 
4.25 
4.12 
3.96 
3.92 
3.87 
8.83 
8.66 
8.50 
3.50 
8.60 
8.50 
3.50 
3.60 
3.50 

8.50 
3.50 
8.42 
3.42 
3.42 
3.29 
3.25 
8.25 
3.37 
8.33 
3.25 
3.25 
8.12 
3.08 
3.00 
3.08 
3.08 
8.08 
3.00 
3.08 
3.08 
3.00 
8.00 
3.00 
3.08 
3.08 
3.08 
3.00 
3.00 
3.00 
2.92 

2.83 
2.63 
2.83 
2.63 
2.63 
2.63 
2.75 
2.67 
2.«7 
2.54 
2.50 
2.50 
2.50 
2.50 
2.42 
2.33 
2.33 
2.33 
2.38 
2.42 
2.42 
2.38 
2.83 
2.33 
2.33 
2.38 
2.33 
2.33 
2.33 
2.83 

2.38 
2.50 
2.50 
2.60 
2.60 
2.50 
2.60 
2.60 
2.42 
2.42 
2.42 
2.42 
2.42 
2.60 
2.50 
2.75 
2.75 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.54 
2.87 
8.08 
3.08 
3.00 
2.02 
2.92 
2.92 

2.92 
2.92 
2.92 
2.92 
2.75 
2.75 
2.75 
2.75 
2.66 
2.66 
2.66 
2.66 
2.79 
2.88 
2.75 
S.60 
2.50 
2.50 
2.60 
2.42 
2.42 
5.25 
4.08 
3.50 
4.83 
3.92 
4.54 
3.48 
3.04 
3.25 

8.00 
8.17 
3.20 
3.20 
8.17 
8.06 
8.00 
3.00 
6.12 
4.76 
3.87 
3.33 
3.04 
3.17 
8.08 
3.12 
3.17 
3.20 
8.06 
3.08 
3.00 
2.92 
2.11 
2.11 
2.83 
2.83 
2.83 
3.17 
S.08 
8.08 
3.17 

. 

4 

2.02 
2.96 
3.00 
2.92 
2.92 
2.92 
2.92 
2.92 
3.00 
3.00 
3.00 
8.08 
8.00 
8.00 
3.00 
2.02 
2.92 
2.92 
2.83 
2.83 
2.83 
2.83 
2.83 
2.88 
2.83 
2.83 
8.17 
3.38 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 ... 

27 

28 

29 

30 

81 
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191 


RED  MOUI7IAIN  STATION  ON  KJITOS  RIVER. 


This  station,  described  in  the  Eighteenth  Annaal  Beport,  Part  I Y, 
page  390,  is  looated  15  miles  east  of  Sanger,  California,  southwest  of 
Bed  Mountain  and  3  miles  below  Jarrett's  place,  and  may  be  reached 
by  roads  on  either  side  of  the  river  from  Sanger.  The  station  is  on 
what  is  called  << Lower  Section  of  So.  9"  of  the  lamber  flume.  The 
gage  is  made  of  two  4  by  S-ioch  timbers  14  and  20  feet  long,  respectively, 
laid  on  the  ground  under  a  rock  and  bolted  to  a  tree.  The  bench  mark 
is  a  cross  cut  in  the  top  of  a  granite  bowlder  11  feet  northwest  of  a  blazed 
sycamore  tree  at  top  of  rod  and  18.045  above  the  zero  of  the  rod.  The 
initial  point  of  measurement  is  on  the  left  bank,  the  ^^deadman"  being 
at  station  50.  The  channel  above  and  below  the  station  is  quite  straight. 
The  right  bank  is  high  aud  rocky,  but  the  left  is  subject  to  overflow  in 
extreme  high  water.  The  bed  of  the  stream  is  of  large  gravel  and 
bowlders.  The  observer  is  Mrs.  Alice  House.  The  folic  win  g  discharge 
measurements  were  made  by  J.  B.  Lippincott  and  A.  Q.  Campbell  in 
1897: 

Febniary  13,  gage  height,  5.18  feet;  discharge,  1|021  second-feet. 
April  5,  gage  height,  6.82  feet;  discharge,  2,071  second-feet. 
June  1,  gage  height,  10.02  feet;  discharge,  8,838  seoond-feet. 
July  15,  gage  height,  7.17  feet;  discharge,  3,313  second-feet. 
September  9,  gage  height,  4  JO  feet;  discbarge,  295  second-feet. 
November  1,  gage  height,  4.57  feet;  discharge,  552  second-feet. 
December  22,  gage  height,  4.70  feet ;  discharge,  515  second^eet. 

DaUy  gage  height,  in/^et,  of  Kings  Siver  at  Red  Mimniain,  California,  far  1897, 


D«y. 

Jan. 

Feb. 

Mar. 

0.00 
6.02 
6.03 
6.00 
5.90 
7.70 
8.20 
6.80 
6.40 
6.40 
6.20 
6.20 
6.00 
5.90 
5.80 
5.90 
6.00 
5.80 
6.80 
6.10 
6.90 
5.90 
5.70 
6.00 
6.20 
6.80 
6.70 
7.80 
7.20 
6.90 
6.60 

Apr. 

May. 

9.90 
9.10 
9.90 
10.60 
10.90 
11.30 
11.00 
10.90 
11.00 
11.00 
11.30 
11.40 
11.40 
11.60 
11.30 
10.60 
10.50 
10.60 
10.90 
11.00 
11.10 
11.60 
12.30 
12.40 
12.00 
11.50 
11.40 
11.60 
11.50 
11.10 
11.10 

Jano. 

July. 
7.40 

T.ftO 

Aug. 

Sept. 

Oct. 

4.00 
4.00 
4.00 
3.90 
3.90 
3.90 
3.90 
3.90 
3.80 
3.80 
3.80 
3.90 
4.00 
4.00 
4.60 
4.00 
4.30 
4.30 
4.80 
4.80 
4.20 
4.10 
4.10 
4.30 
4.50 
4.50 
4.50 
4.60 
4.60 
4.60 
4.60 

Nov. 

4.60 
4.60 
4.60 
4.50 
4.40 
4.30 
4.30 
4.30 
4.40 
4.40 
4.30 
4.30 
4.30 
4.40 
4.80 
4.20 
4.20 
4.10 
4.10 
4.10 
6.60 
5.10 
5.40 
7.00 
6.90 
5.40 
5.00 
5.00 
4.90 
4.70 

Dec. 

4.90 

4.00 

6.00 

4.90 

4.90 

4.70 

4.70 

9.80 

6.30 

6.70   ' 

5.30 

5.00 

5.00 

5.20 

5.10 

4.70 

4.80 

4.80 

4.70 

4.70 

4.70 

4.70 

4.80 

4.80 

4.80 

4.60 

4.70 

4.60 

4.60 

4.60 

4.60 

1 

2 

4.30 

0.10 

6.60 
6.60 
6.50 
6.60 
0.80 
7.50 
7.20 
7.60 
7.00 
8.00 
8.30 
8.80 
9.00 
9.30 
9.60 
0.70 
9.90 
10.10 
9.50 
8.80 
8.40 
8.80 
8.80 
8.20 
8.40 
9.20 
9.60 
9.70 
9.60 
0.70 

10.20 
10.40 

5.60 
5.30 
5.30 
5.80 
5.10 
5.10 
5.00 
5.20 
5.00 
5.00 
4.90 
4.90 
4.80 
4.80 
4.70 
4.70 
4.70 
4.70 
4.80 
4.80 
4.00 
5.10 
5.00 
5.00 
4.90 
4.80 
4.70 
4.70 
4.60 
4.60 
4.30 

4.30 
4.30 
4.40 
4.80 
4.80 
4.20 
4.10 
4.10 
4.10 
4.00 
4.10 
4.00 
4.00 
4.00 
4.00 
4.00 
3.80 
3.90 
3.70 
3.70 
8.80 
8.80 
3.80 
3.90 
3.90 
3.80 
3.00 
3.00 
3.00 
3.90 

3 

10.20  *  ft- 00 

4.     : 

5.00 
5.80 

10.20 

10.30 

10.40 

10.30 

10.00 

10.20 

10.20 

10.00 

0.80 

9.70 

9.60 

.9.00 

8.40 

7.60 

7.40 

7.30 

7.00 

7.00 

7.30 

7.30 

7.40 

7.30 

7.30 

7.30 

7.20 

7.10 

7.20 

7.70 
7.50 
7.40 
7.30 
6.70 
6.00 
6.70 
6.50 
7.00 
7.00 
7.20 
7.20 
7.20 
6.80 
6.50 
6.30 
6.20 
6.10 
6.10 
5.90 
6.00 
6.00 
5.90 
5.90 
5.60 
6.50 
5.40 
5.40 

6.           ::::::: 

o:::::::;:::: 



7 

8 

9 

10 

5.00 

11 

12 

4.30 

13 

u 

15 

16 

4.30 

17 

18 

i 

19 

4.10  1  6.30 

20 

COO 
5.90 
5.70 
5.50 
5.50 
5.60 
5.80 
0.00 
6.00 

21 

22 

23 

24 

4.30 

25 

28 

27 

28 

4.30 

29 

30 

31 

4.70 
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OPERATIONS   AT   RIVER    STATIONS,  1897. 


KINaSBURa   STATION  OH  KINOS  RIVBB. 

This  station,  as  described  in  the  Eighteenth  Annual  Report,  Part  TV, 
page  393,  is  located  at  the  Southern  Paciflo  Railway  bridge,  approxi- 
mately 1  mile  south  of  Kingsburg,  California.  The  vertical  gage,  the 
property  of  the  railway  company,  is  nailed  to  the  south  central  rail- 
road pier,  with  the  zero  31.66  feet  below  the  top  of  the  rail  of  the 
bridge.  The  channel  of  the  stream  at  the  wagon  bridge,  300  feet  below 
the  railroad  bridge,  where  discharge  measurements  were  first  made,  is 
badly  broken  by  the  piers  of  both  bridges.  The  direction  of  the  flow 
is  oblique  to  both,  and  the  channel  contains  shifting  sand  bars.  The 
right  bank  is  not  subject  to  overflow  except  in  very  high  water,  but  the 
left  bank  is  low.  Discharge  measurements  subsequent  to  April  7, 1897, 
were  made  2  miles  above  the  railroad  bridge  at  Clark's  bridge  which 
crosses  the  river  in  one  span.  The  section  here  is  uniform  and  does 
not  change.  The  water  is  very  deep  and  slow.  The  observer  is  Alf. 
Thompson.  The  following  discharge  measurements  were  made  in  1897 
by  J.  B.  Lippincott  and  A.  Q.  Campbell: 

February  11,  gage  height,  5.58  feet;  discharge,  905  second- feot. 
April  6,  gage  height,  5.20  feet,  discharge,  825  second-feet. 
June  3,  gage  height,  8.60  feet,  discharge,  5,959  second-feet. 
July  17,  gage  height,  5.02  feet;  discharge,  503  second-feet. 
September  10,  gage  height,  3.20  feet;  discharge,  221  second-feet. 
Novembers,  gage  height,  4.84  feet;  discharge,  465  second-feet. 
December  23,  gage  l^ght,  4.80  feet;  discharge,  522 second-feet. 

Daily  gage  height,  infect,  of  Kinga  JRiver  at  Kingsburg,  Calif omia,  for  1897, 


Feb.  I  Mar.    Apr. 


5.54 
8.58 
6.63 
6.21 
6.08 
7.13 
6.42 
0.04 
5.88 
5.83 
5.54 
5.33 
5.21 
5.04 
4.92 
4.83 
4.63 
5.75 
5.96 
6.08 
6.00 
5.92 
5.63 
5.42 
5.42 
5.50 
5.50 
5.50 


5.63 
0.21 
5.79 
5.92 
5.54 
5.68 
7.58 
6.67 
6.00 
5.92 
5.58 
5.54 
5.46 
5.29 
5.17 
5.00 
5.00 
5.50 
5.67 
5.71 
5.71 
5.38 
4.83 
4.58 
4.58 
4.96 
5.71 
5.46 
7.04 
6.08 
5.50 


5.83 
5.79 
5.21 
4.92 
5.08 
5.21 
5.50 
5.75 
5.83 
6.13 
6.54 
6.58 
6.92 
7.33 
7.67 


88 
88 


8.13 


00 
54 


6.92 
6.71 
6.54 
6.29 
6.38 
6.71 
7.04 
7.54 
7.75 
7.83 


May. 

Jane. 

July. 

Aug. 

Sept 

Oct. 
8.29 

Nov. 
5.00 

8.04 

8.83 

6.21 

4.00 

3.17 

7.50 

8.25 

6.87 

3.88 

8.29 

3.38 

4.96 

8.08 

8.08 

5.58 

3.76 

3.26 

8.88 

4.83 

8.83 

8.12 

5.62 

3.76 

3.25 

8.18 

4.83 

9.42 

8.12 

6.60 

8.75 

8.25 

8.08 

4.76 

9.58 

8.83 

6.46 

3.66 

3.25 

8.21 

4.70 

9.54 

8.87 

6.33 

3.50 

3.26 

8.83 

4.66 

9.33 

8.21 

6.12 

8.46 

8.25 

3.60 

4.66 

9.17 

7.96 

4.66 

3.60 

8.25 

8.64 

4.87 

9.38 

8.00 

4.33 

8.42 

8.17 

8.67 

4.17 

9.75 

7.62 

4.54 

3.46 

3.17 

3.67 

4.17 

9.71 

7.87 

4.42 

8.50 

3.17 

3.71 

4.17 

9.88 

7.42 

4.62 

8.42 

3.00 

3.67 

4.17 

10.04 

7.29 

4.79 

3.87 

3.04 

8.76 

4.12 

9*83 

7.12 

6.26 

8.25 

3.25 

4.08 

4.08 

10.04 

6.92 

6.21 

8.25 

3.26 

4.79 

4.00 

9.04 

6.17 

6.04 

3.26 

8.25 

4.62 

8.83 

8.79 

5.76 

4.62 

8.21 

3.26 

4.60 

3.76 

8.92 

5.54 

4.21 

8.00 

3.26 

4.46 

3.75 

9.29 

5.46 

4.08 

8.33 

3.26 

4.60 

3.75 

9.75 

5.17 

8.70 

3.83 

3.25 

4.83 

3.75 

10.04 

5.04 

3.64 

3.68 

3.37 

4.29 

6.64 

10.79 

5.29 

3.29 

3.50 

3.83 

4.88 

5.92 

11.33 

6.37 

8.64 

3.25 

3.00 

4.50 

6.75 

10.37 

6.46 

3.38 

3.25 

3.04 

6.12 

6.68 

9.92 

5.54 

8.50 

8.25 

8.25 

6.06 

5.66 

9.54 

6.29 

8.60 

3.96 

8.26 

6.26 

5.46 

9. 66     5. 25 

3.46 

8.08 

8.83 

5.21 

6.88 

9.70 

6.21 

8.42 

8.26 

8.83 

5.08 

6.12 

9.70 

6.17 

3.60 

8.83 

8.26 

6.00 

6.08 

9.54 

8.92 

8.17 

6.00 

5.04 
5.12 
4.96 
4.93 
4.87 
4.83 
4.75 
4.83 
7.06 
6.08 
5.62 
5.50 
5.50 
6.46 
6.37 
5.29 
6.17 
5.06 
6.08 
4.92 
4.83 
4.75 
4.75 
4.66 
4.83 
4.79 
4.96 
4.96 
4.8S 
4.88 
4.83 


MOHAVE   DESERT   DRAINAGE. 
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PAJLKDALE  STATION  ON  LITTLE  ROOK  OREEK. 


This  station,  as  described  in  the  Eighteenth  Annual  Eeport,  Part 
lY,  page  402,  is  located  about  8  miles  southeast  of  West  Palmdale, 
California,  at  the  head  works  of  the  South  Antelope  Valley  Canal.  The 
creek  is  diverted  through  a  tunnel  into  a  flume  at  the  headworks, 
which  at  the  normal  stage  of  the  stream  will  carry  all  of  the  water.  A 
gage  has  been  placed  in  this  flume,  in  which  the  discharge  measure 
ments  are  made  at  low  stag&s.  During  high  water  a  second  gaging 
will  be  made  from  the  bridge,  where  the  flume  crosses  the  creek,  one- 
half  mile  below  the  head  works,  and  a  gage  rod  will  be  placed  there  for 
that  station.  The  flume  is  straight.  The  channel  of  the  stream  is 
crooked  and  the  bed  is  full  of  bowlders.  The  banks  are  high,  and  the 
creek  will  not  leave  its  present  channel  at  the  bridge.  The  observer  is 
Burt  Cole.  •  The  following  discharge  measurements  were  made  in  1897 
by  J.  B.  Lippincott  and  Burt  Cole : 

February  9^  at  long  flnme,  gage  height,  0.56  foot ;  discharge,  20  second- feet. 
February  9^  at  head  works  flume,  gage  height,  0.91  foot;  discharge,  21  second-feet. 
February  9,  at  long  chute,  gage  height,  0.34  foot;  discharge,  21  second-feet. 
February  9,  at  box  flume,  gage  height,  2.00  feet ;  discharge,  126  second-feet. 
March  7,  gage  height,  1.17  feet;  discharge,  26  second- feet. 
March  7,  gage  height,  2.00  feet;  discharge,  69  second-feet. 
April  7,  gage  height,  2.80  feet ;  discharge,  126  second-feet 
April  16,  gage  height,  0.70  foot;  discharge,  14  second- feet. 
May  3,  gage  height,  1.47  feet;  discharge,  47  second-feet. 
May  15,  gage  height,  0.45  foot;  discharge,  7  second-feet. 

Daily  g<ige  height,  in  feet,  of  Little  Mock  Creek  at  Palmdale,  California,  for  1897. 


Day. 


1 
2 
8 
4 

5 
8 
7, 
8 
9. 
10 
11 
12 
18 
14 
16 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
80 
31 


Jan. 

Feb. 

2.10 

Mar. 

0.40 

2.25 

.30 

2.00 

2.10 

.25 

2.25 

2.15 

.20 

1.70 

2.10 

.30 

1.75 

2.10 

.80 

2.05 

2.00 

.30 

1.60 

2.00 

.30 

1.50 

1.75 

.32 

1.22 

1.40 

.85 

1.15 

1.40 

.45 

1.00 

1.45 

.48 

.80 

1.45 

.62 

.00 

1.40 

.42 

.80 

1.40 

.60 

.80 

1.40 

.60 

.70 

1.40 

.62 

.70 

1.40 

.65 

1.55 

1.60 

.60 

1.35 

1.60 

.55 

1.00 

1.90 

.65 

1.00 

1.60 

.82 

1.00 

1.60 

.80 

.90 

1.85 

.80 

.00 

1.45 

.80 

1.00 

1.90 

.76 

1.15 

2.60 

.60 

1.80 

2.36 

.60 

1.70 

2.40 

.70 

2.70 

1.10 

2.80 

1.85 

2.80 

Apr. 

May. 

June. 

July. 

2.80 

2.05 

0.40 

0.05 

2.80 

1.05 

.40 

.05 

2.80 

1.80 

.40 

.05 

2.80 

2.00 

.40 

.03 

2.80 

2.00 

.40 

.03 

2.80 

1.85 

.40 

.03 

2.80 

1.80 

.40 

.03 

2.80 

1.65 

.40 

.02 

2.50 

1.65 

.40 

.02 

2.60 

1.55 

.40 

.00 

2.70 

1.46 

.40 

.00 

2.70 

1.40 

.40 

.00 

2.70 

1.35 

.40 

.00 

2.70 

1.25 

.40 

.00 

2.70 

1.25 

«  .40 

.00 

2.70 

1.10 

.40 

.00 

2.70 

1.00 

.40 

.00 

2.70 

.90 

.40 

.00 

2.70 

.80 

.40 

.00 

2.86 

.70 

.40 

.00 

2.45 

.70 

.40 

.00 

2.26 

.70 

.40 

.00 

2.25 

.70 

.40 

.00 

2.20 

.70 

.40 

.00 

2.80 

.65 

.40 

.00 

2.00 

.60 

.40 

.00 

2.15 

.55 

^    .35 

.00 

2.25 

.56 

.to 

.00 

2.25 

.60 

.25 

.00 

2.20 

.55 

.15 

.00 

.45 

.00 

Aug. 


0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 


Sept. 

Oct. 

0.00 

0.00 

.00 

.00 

.00 

.05 

.00 

.10 

.00 

.10 

.00 

.15 

.00 

.20 

.00 

.20 

.00 

.25 

.00 

.30 

.00 

.40 

.00 

.40 

.00 

.40 

.00 

.40 

.00 

.40 

.00 

.40 

.00 

.40 

.00 

.40 

.00 

.40 

.00 

.40 

.00 

.40 

.00 

.40 

.00 

.40 

.00 

.40 

.00 

.40 

.00 

.40 

.00 

.40 

.00 

.40 

.00 

.40 

.00 

.40 

.40 

Nov. 


0.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.35 
.35 


Dec. 


0.35 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.35 
.35 
.35 
.36 
.85 
.85 
.35 
.35 
.36 
.35 
.35 
.35 
.35 
.35 
.85 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
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AZUSA  STATION  ON  SAK  OABBIBL  BIVBB.. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  405,  is  located  at  the  mouth  of  the  San  GMi>riel  Biver  canyon,  2 
miles  northeast  of  Aznsa,  California.  During  the  greater  portion  of  the 
year  all  the  water  of  the  San  Gabriel  Biver  is  diverted  into  canals  and 
the  measurements  of  discharge  are  thea  made  at  the  division  box  of 
the  Azusa-Duarte  canal.  The  gage  rod  is  vertical  and  nailed  to  the 
inside  of  the  box,  with  the  zero  of  the  rod  at  the  bottom  of  the  flume, 
or  1.335  feet  below  the  knife  edge  of  the  weir.  At  times,  during  the 
winter  season,  water  flows  pa^  the  diversion  points  down  the  river, 
and  ill  order  to  measure  this  amount  a  gage  rod  has  been  placed  in  the 
right  bank  of  the  river  at  a  point  near  the  division  box.  A  few  hun- 
dred iteet  above  is  a  cable,  car,  and  tag- wire  for  measuring  the  floods. 
B.  M.  Fellows  and  H.  F.  Parkinson  are  the  observers.  The  bench 
mark  to  which  both  rods  are  referred  is  a  cross  in  the  wooden  sill  at  the 
head  of  the  lowest  Azusa  tunnel.  It  is  7.97  feet  above  the  zero  of  the 
river  rod.  The  channel  of  the  river  f(Mr  200  feet  above  and  bdow  the 
cable  is  straight.  The  banks  are  not  liable  to  change.  The  bed  of 
the  stream  is  full  of  bowlders  embedded  in  sand.  June  4  a  diversion 
dam  was  placed  just  below  the  river  gage  backing  the  water  up  above 
it.  Beadings  on  this  rod  were  then  discontinued.  The  rod  and  cable 
were  moved  up  the  river  later  in  the  season. 

The  following  discharge  measurements  were  made  in  1897  by  J.  B. 
Lippiiicott  and  A.  Q.  Campbell: 

On  the  river: 

Jannary  10,  gage  height,  1.28  feet;  discharge,  4.5  seeond-feet. 
January  25,  gage  height,  2.00  feet;  dlBchavge,  58  seootid-feet. 
February  1,  gage  height,  5.10  feet;  discharge,  1,725  second-feet. 
February  2,  gage  height,  3.40  feet;  discharge,  422  second- feet. 
March  12,  gage  height,  3.30  feet;  discharge,  410  second- feet. 
April  29,  gage  height,  2.60  feet;  discharge,  162  second- feet. 
May  24,  gage  height,  2.08  feet;  discharge,  76  second-feet. 
November  13,  discharge,  8  second-feet. 
November  27,  discharge,  3.5  second-feet. 

In  the  Division  Box. 

January  10,  gage  height,  2.10  feet;  discharge,  22  seeond-feet. 
April  29,  gage  height,  2.88  feet;  discharge,  71  seoond-feet. 
May  24,  gage  height,  2.96  feet;  discharge,  68  second-feet. 
Jane  30,  gage  height,  2.76  feet;  discharge,  56  seeond-feet. 
July  5,  gage  height,  2.72  feet;  discharge,  54  second-feet. 
Angus 1 7,  gage  height,  2»33  feet;  discharge,  31  second- feet. 
September  1,  gage  height,  2.20  feet;  discharge,  24  second-feet. 
September  29,  gage  height,  2.10  feet;  discharge,  19  seconcL-feet. 

November  13,  gage  heigrht, feet;  discharge,  25  second-feet. 

November  27,  gage  height, feet;  discharge,  33  seeond-feet. 


WATERSHED   OF  80UTS  PACIFIC  COAST. 
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Daily  gtige  height,  in  feet,  of  San  0€iMel  Biver  at  Azusii,  Calif omitf,  fw  IS97, 


D»j'. 

1 
Jan. 

Fob. 

5.01 
4.00 
3.00 
2.90 
2.55 
2.60 
2.50 
2.45 
2.40 
2.35 
2.25 
2.20 
2.15 
2.10 
2.10 
2.00 

Mar. 

Apr. 

1 

May.  Jiino. 

1 

Day. 
17 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

1 

3. 00  !  3. 10 
8. 00  1  3. 00 
8.  10  3. 10 

1.80 

2.10 
5.00 
3.90 
3.60 
3.20 
3.00 
2.95 
2.90 
3.00 
3.05 
3.00 
3.00 

8.50 
8.00 
8.20 
3.15 
8.10 
8.00 
3.00 
3.00 
3.10 
3.10 
3.10 
3.00 
8.10 
3.10 
3.10 

8.05 

2 

18 

19 

2.00 

3.05 
3.00 
2.90 
2.90 
2.80 
2.70 
2.65 

2.20 
2.15 

3 



2.50 
2.50 

"i.86" 

4 

8.05 
8.05 
4.00 

8.00 
8.00 
3.10 

20 

5 



1.25 
1.25 

21 

6 

22 

23 

2.00 
2.00 

2.96 

7 

5.15  '  3.10 

1 

8 

... 

4. 30  !  3. 10 
3.  80  i  3. 10 
3.  50  3. 15 

2.50  

24 

2.10 

9 

25 

10 

1.90 
1.90 

1 

26 

2  57 

11.... 
12 

8.  45  1  3. 10 
3. 40  1  3. 15 
3. 30  3. 20 
3. 20  3. 20 

i'w' 

27 

18 

1.96 

1.90 

13 

29 

1.85 
1  80 

14 



30 

31 

2.10 
2.06 

15. . . . 

3. 20  3. 20 

2.25  

16 

3.20 

3.07 

1 

WABM  SPRINGS  STATIONS  ON  SANTA  ANA  BIYEB. 


This  station,  as  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  411,  is  located  5  miles  northeast  of  Mentone,  Oaliforuia,  three- 
fourths  of  a  mile  below  the  headworks  of  the  Santa  Ana  Canal  and 
opposite  the  Warm  Springs  in  the  canyon.  The  gage  is  an  inclined 
timber,  the  lower  end  of  which  has  been  set  under  the  projecting  edge 
of  a  large  bowlder  and  fastened  to  upright  posts  at  its  upper  end. 
August  31,  1897,  a  second  gage  was  placed  1  mile  above  this  loca- 
tion and  above  the  headworks  of  the  Santa  Ana  Oanal.  The  record  as 
published  in  this  report  is  for  the  lower  gage.  The  observer  is  A.  Laird, 
ditch  watchman  and  water  divider  on  the  Bear  Valley  system.  The 
following  discharge  measurements  were  made  in  1897  by  J.  B.  Lippiu- 
cott  and  A.  Q.  Campbell: 

Janaary  27,  gage  height, feet ;  discharge,  44  second-feet. 

March  4,  gage  height,  1.45  feet ;  discharge,  101  second-feet. 
May  3.  gage  height,  1.50  feet ;  discharge,  96  second-feet. 
May  4,  gage  height,  1.50  feet;  discharge,  98  second-feet. 
Jane  15,  gage  height,  1.15  feet;  discharge,  64  second-feet. 
Jnly  5,  gage  height,  1.20  feet;  discharge,  72  second-feot. 
Jnly  6,  gage  height,  1.11  feet;  discharge,  60  second-feet. 
August  8,  gage  height,  1.32  feet;  discharge,  56  second- feet. 
August  31,  gage  height,  1.35  feet;  discharge,  60  second- feet. 
September  30,  gage  height,  1.13  feet;  discharge,  43  second-feet. 
November  14,  gage  height,  1.25  feet;  discharge,  40  second-feet. 

At  new  station,  1  mile  above  old  one: 

Angnst  31,  gage  height,  1.00  foot;  discharge,  78  second-feet. 
September  30,  gage  height,  0.83  foot;  discharge,  65  second-feet. 
November  14,  gage  height,  0.35  foot;  discharge,  47  second-feet. 
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Daily  gage  height,  in  feet,  of  Santa  Ana  River  at  Warm  Spring9,  California,  for  JS97J 


Mar. 

Apr. 

May. 
1.50 

June. 

July. 
1.15 

Aug, 

Oct. 
1.30 

Nov. 

Dec. 

1.00 

1.60 

1.10 

1.30 

1.15 

1.10 

1.00 

1.60 

1.50 

1.05 

1.05 

1.35 

1.17 

1.15 

1.06 

1.65 

1.55 

1.50 

1.10 

1.10 

1.35 

1.15 

1.15 

1.05 

1.50 

1.60 

1.50 

1.15 

1.15 

1.35 

1.15 

1.15 

1.05 

1.45 

1.60 

1.50 

1.10 

1.10 

1.35 

1.20 

1.16 

1.06 

1.00 

1.65 

1.50 

1.05 

1.10 

1.80 

1.25 

L15 

1.05 

2.50 

1.70 

1.50 

1.05 

1.10 

1.30 

1.23 

1.15 

1.05 

1.65 

1.70 

1.45 

1.05 

1.15 

1.85 

1.30 

1.15 

1.06 

1.65 

1.65 

1.40 

1.05 

1.20 

1.35 

1.23 

1.20 

1.06 

1.60 

1.65 

1.30 

1.10 

1.15 

1.35 

1.12 

1.20 

1.05 

1.50 

1.75 

1.30 

1.10 

1.20 

1.85 

1.20 

1.80 

1.05 

1.50 

1.75 

1.80 

1.10 

1.20 

1.40 

1.20 

1.80 

1.05 

1.50 

1.80 

1.30 

1.15 

1.15 

1.40 

1.23 

1.80 

1.05 

1.40 

1.80 

1.30 

1.15 

1.25 

1.40 

2.60 

1.27 

1  06 

1.50 

1.75 

1.25 

1.20 

1.15 

1.40 

1.25 

1.25 

1.15 

1.60 

1.75 

1.25 

1.20 

1.30 

1.30 

1.15 

1.25 

1.06 

1.50 

1.75 

1.20 

1.20 

1.20 

1.80 

1.10 

1.20 

.96 

1.45 

1.80 

1.15 

1.20 

1.20 

1.30 

.90 

1.20 

1.00 

1.40 

1.80 

1.10 

L20 

1.20 

1.30 

.90 

L20 

1.00 

1.60 

1.80 

1.10 

1.20 

1.15 

1.35 

.90 

L20 

.90 

1.45 

1.70 

1.10 

1.20 

1.10 

1.45 

.90 

1.17 

.80 

1.40 

1.65 

1.10 

1.20 

1.15 

1.25 

.90 

1.15 

.80 

1.40 

1.60 

1.10 

1.15 

1.15 

1.15 

.90 

1.16 

.90 

1.30 

1.60 

1.15 

1.15 

1.20 

1.26 

.95 

1.15 

.90 

1.85 

1.60 

1.10 

1.15 

1.20 

1.36 

.95 

1.25 

1.00 

1.85 

1.60 

1.05 

1.20 

1.25 

1.85 

1.05 

1.15 

1.00 

1.40 

1.55 

1.00 

1.20 

1.35 

1.30 

1.05 

1.16 

1.00 

1.75 

1.60 

1.00 

1.20 

1.30 

1.80 

1.10 

1.15 

1.00 

1.60 

1.55 

1.00 

1.10 

1.30 

1.85 

1.25 

1.16 

1.00 

1.55 

1.50 

.95 

1.15 

1.30 

1.85 

1.25 

1.15 

1.00 

1.60 

.95 

1.30 

1.36 

1.25 

1.00 

>  No  record  for  September  on  lower  rod. 
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Pago. 

Abiqoin,  N.  Mex.,  hydrographifl  work  at 129 

Adams,  A.  J.,  work  of 182, 183, 184 

Alabama,  gaging  stations  in 51-57 

Alderson,  W.  Va.,  hydrograpbic  work  at 58 

Almon,  Ga.,  bydrographio  work  at 43 

Alston,  S.  C,  hydrograpbic  work  at 37 

Animas  Biver,  measurements  of 146 

Anschuts,  F. H.,  work  of 23,25,58,59 

Antietam  Creek,  measaroments  of 16 

Arboles,  Colo.,  bydrograpbic  work  at 144-145 

Arizona,  gaging  stations  in 147-151 

Arkansas  Biver,  measurements  of  . . .  117-122, 124 

Arkins,  Colo.,  bydrograpbic  work  near 94 

Arnold,  Sydney,  work  of 174, 176, 179 

Asheville,  N.  C,  hydrograpbic  work  at 60 

Asusa,  Cal.,  bydrograpbic  work  at 194 

B. 

Babb,  Cyrus  C.  work  of 22, 

117,  135, 136, 137, 141, 165, 171, 172, 

173, 174,  175,  176, 177, 178, 180,  ^81 

Battle  Creek,  Idaho,  bydrograpbic  work  at. . .  167 

Battle  Monntain,  Nev.,  bydrograpbic  workat.  153 

Bear  Creek,  Colo.,  measurements  of 90 

Bear  River,  measurements  of 157, 159 

Beloit,  Kans.,  bydrograpbic  work  at 110 

Beverly.  Kans.,  bydrograpbic  work  at 112 

Big  Goose  Creek,  measurements  of 77 

Big  Thompson  River,  measurements  of 94 

Blacksburg,  S.  C,  bydrograpbic  work  at 36 

Blacks  Fork,  measurements  of 134 

Black  Warrior  River,  measurements  of 67 

Blake,  Utah,  bydrograpbic  work  at 136 

Blue  lUver,  measurements  of 1 15 

Boise,  Idaho,  bydrograpbic  work  at 168 

Boise  River,  measurements  of 168 

Bond,  Fred,  work  of 78 

Boulder,  Colo.,  bydrograpbic  work  near 92 

Boulder  Creek,  measurements  of 92 

Boseman  Creek,  measurements  of 75 

Boseman,  Hont.,  bydrograpbic  work  near. ...  66, 

67,75 

Brash,  W.  J.,  work  of 147 

Broad  River,  Ga.,  measurements  of 40 

Broad  River,  S.  C. ,  measurements  of. 36-37 

Bruneau  River,  measurements  of 167 

Bryson,  N.  C,  bydrograpbic  work  at 61 

Buchanan,  Ya.,  bydrograpbic  work  at 24 

Buffalo,  Wyo.,  bydrograpbic  work  at 78 

Bnttes,  Ariz. ,  bydrograpbic  work  at 147 

m^lQ — 7 


c. 

Page. 

Caldwell,  H.  W.,  work  of 12 

Calhoun  Falls,  S.  C,  bydrograpbic  work  at. . .    39 

California,  gaging  stations  in 185-196 

Calowa  River,  measurements  of 184 

Campbell,  A.  Q.,  work  of 187, 

188, 190, 191, 192, 194, 195 
Camp  Clarke,  Nebr.,  bydrograpbic  work  at. . .    85 

Canton,  Ga.,  hydrograpbic  work  at 48 

Canyon  City,  Colo.,  bydrograpbic  work  at 119 

Cape  Fear  River,  measurements  of 31 

Carey,  Ga.,  bydrograpbic  work  at 41 

Carlton,  Ga.,  bydrograpbic  work  at 40 

Carters,  Ga.,  bydrograpbic  work  at 49 

Catawba,  N.  C,  bydrograpbic  work  at 34 

Catawba  River,  measurements  of « .  34-35 

Chama  River,  measurements  of 129 

Chattahoochee  River,  measurements  of . . . .  4(M7 
Chattanooga,  Tenn.,  bydrograpbic  work  at . .    64 

Chinook,  Mont.,  hydrograpbic  work  at 78 

Clarkeville,  Va.,  bydrograpbic  work  at 26 

Clear  Creek,  Wyo.,  measurements  of 78 

Cogswell,  F.,  work  of 88,89,91, 

92,  93, 117, 118, 119, 120, 123, 127, 
137, 139, 141, 142, 143, 144. 145, 146 

CoUinston,  Utah,  bydrograpbic  work  at 160 

Colorado,  gaging  stations  in 87-94, 

117-123, 127, 137, 189-146 

Colorado  River,  measurements  of 151 

Colton,  A.  T.,  work  of 147 

Columbus,  Nebr.,  bydrograpbic  work  near.  97-98 

Coosa  River,  measurements  of 51-55 

Coosawattee  River,  measurements  of 49 

Courcbesne,  T.  M.,  work  of 132 

Crawford,  Kebr.,  bydrograpbic  work  near 79 

Cumberland,  Md.,  bydrograpbic  work  at 15 

D. 

DaIlis,F.A.,workof 42 

Dan  River,  measurements  of 26 

Davis,  Arthur  P.,  work  of 7, 

15, 16, 37, 38, 61, 62, 63 

Deansbury,  Colo.,  bydrograpbic  work  at 87 

Delaware  River,  measurements  of 

Del  Norte,  Colo.,  bydrograpbic  work  at 127 

Denver,  Colo.,  bydrograpbic  work  at 88 

Denver  and  Rio  Grande  Railroad,  aid  by.  137, 140 

Deschutes  River,  measurements  of 181 

Dobson,  Adna,  work  of 80, 05, 96, 97, 98, 99, 108 

Dolores,  Colo.,  bydrograpbic  work  at 143 

Dolores  River,  measurements  of 148 
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Page. 

Bongall,  W.  G.,  work  of 186, 150, 160, 161, 162 

Dnblin,  Ga. ,  hydrographic  work  at 42 

Bangeneiw  River,  meaanremen  U  of 182 

Darango,  Colo.,  hydrographic  work  at 146 

E. 

Elkhom  Rirer,  meaanrementa  of 99 

Elko,  Nev.,  hydrographic  work  at 1 52 

Ellsworth,  Kans.,  hydrographic  work  at 114 

El  Paso,  Tex.,  hydrographic  work  at 132 

Elwha  Biver,  meastiTementa  of 183 

Embndo,  N.  Hex.,  hydrographic  work  at 128 

Emery,  Roe,  work  of. .  65, 66, 67, 68, 69, 71, 73, 74, 75 
Engineer  Corps,  United  Stat^,  work  of.  51, 54, 65 
Etowah  River,  meaanrements  of 48 

F. 

Fall  Creek,  Colo.,  hydrographic  work  at 142 

Fariah,  W.  A.,  workof 148,150 

Fayetteville,  N.  C,  hydrographic  work  at —    31 

Fayette,  TV.  Va.,  hydrographic  work  at 69 

Firth,  Charles,  aid  by 54 

Flint  River,  measnrements  of. 45 

FoUett,  W.  "W.,  work  of 132 

Forks,  'Wash.,  hydrographic  work  at 184 

Fort  Crawford,  Colo.,  hydrographic  work  at. .  139 

Fortier,  S.,  work  of 157, 158, 160 

Fort  Mill,  S.  C,  hydrographio  work  near 85 

Fortlfi6brara,Nebr., hydrographic  work  near.    80 

Frederick,  Md.,  hydrographic  work  at 20 

French  Broad  Biver,  measurements  of 60 


6. 


Gafihey,  S.  C,  hydrographic  work  at 36 

Gallatin  River,  measurements  of 68 

Geneva,  Utah,  hydrographic  work  at 163 

Georgia,  gaging  stations  in 40-50 

(Bering,  Nebr.,  hydrographic  work  at 84 

Gibbon,  Oreg.,  hydrographio  work  at 180 

Gila  River,  measurements  of 147 

Glasgow,  Va.,  hydrographio  work  at 23 

Golconda,  Nov.,  hydrographio  work  at 154 

Grand  Junction,  Colo.,  hydrographic  work 

at 137-138,141 

Grand  River,  Colo.,  measurements  of 137 

Grandview,  Idaho,  hydrographio  work  at 167 

Granger,  Wyo.,  hydrographic  work  at 134 

Granite,  Colo.,  hydrographic  work  at 117 

Great  Falls,  Mont.,  hydrographic  work  near.    72 

Greenbrier  River,  measurements  of 58 

Green  River,  Wyo.,  measurements  of . . . .  135-136 

Greenriver,  Wyo.,  hydrographic  work  at 135 

Grey  Bull  River,  measurements  of 75 

Gunnison  River,  measurements  of 140-141 

Gypsum,  Colo.,  hydrographic  work  at 137 

H. 

Hall,  B.  M.,  work  of 89, 

41, 42, 43, 44, 45, 46, 47, 48, 51. 57 

Hall,  Max,  work  of 39, 

40. 41, 43, 44, 47, 48, 49, 50, 51, 56, 64 

Hall,  Olin  P.,  work  of 60 

Harrisburg,  Pa.,  hydrographio  work  at 8 

Harroim,  P.  E.,  work  of 128, 129, 130, 131, 132 

^emdon,  Cal.,  hydrographic  work  at 100 


Page. 

Hill,  J.  E.,  aid  by 75 
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LETTER  OF  TRANSMITTAL. 


Dbpabticent  op  thb  Intebioe, 
United  States  Geological  Subvbt, 

Division  op  Hydedgbaphy, 
Washingtofij  July  J,  1898. 

Sib:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
Irrigation  near  Bakersfield,  California,  prepared  by  Mr.  G.  E.  Gransky, 
and  to  recommend  that  it  be  published  in  the  series  of  pamphlets  on 
Water  Supply  and  Irrigation.  This  paper  is  the  first  of  three  relating 
to  San  Joaquin  Yalley,  the  others  being  entitled,  respectivelyy  Irriga- 
tion near  Fresno,  California  (No.  18  of  the  series),  and  Irrigation  near 
Merced,  California  (No.  19  of  the  series),  these  titles  being  somewhat  arbi- 
trarily given  to  indicate  the  relative  geographic  position  of  the  areas 
described.  These  papers  taken  collectively  are  intended  to  exhibit  the 
character  of  the  developmeut  of  irrigation  in  the  southern  part  of  the 
great  valley  of  California,  and  to  give  the  methods  there  employed  and 
the  results  of  the  experience  acquired  throagh  many  years. 

In  this,  the  first  pax>er,  some  space  has  been  devoted  to  a  general 
description  of  San  Joaquin  Valley  as  a  whole,  and  of  the  irrigation  dis- 
tricts which  have  been  organized  within  it,  the  history  of  these  being 
briefly  outlined.  There  is  also  added  a  description  of  the  methods  of 
irrigation  commonly  employed,  as  this  has  esi)ecial  interest  in  connec- 
tion with  the  more  detailed  statements  regarding  the  individual  canals 
and  ditches.  Following  these  more  general  matters  Kern  Eiver  is 
taken  up,  its  drainage  basin  is  discussed,  and  each  of  the  numerous 
systems  of  water  supply  depending  upon  the  river  is  described  at 
some  length.  Then  the  creeks  lying  to  the  north,  Poso  and  Deer,  are 
decribed,  as  well  as  Tule  Kiver.  - 

Although  a  relatively  high  degree  of  development  of  irrigation  has 
been  reached  in  this  part  of  the  arid  region,  yet  the  results  are  far 
below  the  possibilities.  By  means  of  better  methods  of  water  conser- 
vation and  distribution,  and  more  effective  modes  of  intensive  agri- 
culture,  the  population  and  wealth  of  San  Joaquin  Valley  may  be 
almost  indefinitely  increased.  A  full  discussion,  therefore,  of  this  inter- 
esting area  has  value  not  only  as  showing  what  may  be,  to  a  certain 
extent,  accomplished  elsewhere,  but  also  as  illustrating  the  fact  that 
great  progress  can  still  be  made  in  this  area. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charge, 

Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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IRRIGATION  NEAR  BAKERSFIELD,  CALIFORNIA, 


By  C.  B.  Gbunsky. 


INTBODUCnON. 

The  historical  and  descriptive  treatment  of  irrigation  in  San  Joaqoin 
Valley  as  here  presented  is  based  largely  upon  information  collected 
by  the  State  engineering  department  of  California  ten  years  ago.  That 
department  ceased  to  exist  in  independent  form  in  1888.  Its  work  was 
to  be  completed  by  the  State  mineralogist,  who  during  the  next  two 
years  was  ex  officio  State  engineer,  and  it  was  expected  that  a  final 
report  wonld  be  published,  covering  irrigation  in  central  portions  of 
the  State,  to  supplement  the  two  volumes  already  issued.^  But  the 
third  volume  of  the  final  report  has  not  appeared,  and  much  of  the  col- 
lected material  has  been  lost  or  is  in  unserviceable  form,  and  none  of 
it  is  conveniently  accessible.  Under  these  circumstances  the  writer, 
who,  as  chief  assistant  State  engineer  from  1882  to  1887,  had  charge  of 
the  collection  of  irrigation  data  in  the  field  now  under  consideration, 
and  of  its  preliminary  arrangement  for  publication,  believes  it  timely 
to  give  to  the  public  at  least  such  benefit  as  may  result  from  a  delayed 
publication  of  a  portion  of  the  collected  information.  To  this  end  use 
has  been  made  of  what  is  left  of  official  records,  notebooks,  sketches, 
and  fragmentary  manuscript  (principally  of  the  writer's  own  prepara- 
tion), taking  therefrom  and  grouping  whatever  seemed  of  sufficient 
importance  to  justify  publication. 

The  facts  obtained  from  this  source  have  been  supplemented  by  the 
results  of  subsequent  personal  experience  in  the  field,  and  by  accounts 
of  irrigation  works  and  of  experience  obtained  from  persons  of  local 
prominence,  as  well  as  by  information  secured  on  a  special  trip  through 
the  region  under  discussion,  made  in  the  spring  of  1897. 

It  remains  to  be  said  that  portions  of  the  river  descriptions  and 
kindred  matter  have  been  taken  from  the  report  of  the  Examining 
Commission  on  Bivers  and  Harbors,'  frequently  without  credit,  as  the 
writer  was  a  member  of  that  commission  and  author  of  its  descriptive 
chapters. 

'Irrigation  Development,  History,  CuAtome,  Laws,  etc..  In  France,  Italy,  and  Spain,  by  Wm.  Ham. 
Hall,  C.  £.,  State  Engineer,  Sacramento,  Califomla,  1886;  and  Irrigation  in  California  (Soathern), 
Part  2  of  Beport  of  Wm.  Ham.  Hall,  C.  S.,  State  Engineer  of  California,  1888. 

*  Beport  Examining  CommlMlon  on  Rivers  and  Harbors  to  the  Qovemor  of  California;  C.  V.  Reed, 
C.  E.  Qmnaky,  J.  J.  Crawford,  commissioners;  1890. 
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It  will  be  made  apparent  in  these  papers  that  irrigation  development 
has  been  most  rapid  in  those  sections  of  the  valley  where  rainfall  is  less 
than  10  inches  a  year  and  where  water  diversion  from  the  streams  is 
readily  accomplished.  There  has  been  comparatively  little  irrigation 
in  the  great  central  valley  northward  from  Merced  liiver.  This  is  due 
primarily  to  the  greater  natural  fertility  of  the  soils,  resulting  from 
more  rainfall  than  in  the  upper  or  southern  portions  of  the  valley,  but 
also  to  the  fact  that  the  principal  rivers  are  considerably  depressed 
below  the  general  upland  level,  making  the  diversion  of  water  for  upland 
irrigation  often  difficult  and  always  expensive.  Vineyard  s  and  orchards 
in  the  lower  portion  of  San  Joaquin  Valley  and  throughout  Sacramento 
Valley  yield  fairly  well  without  irrigation,  and  the  standard  crop, 
wheat,  is  rarely  a  complete  failure.  Protests  have  therefore  at  times 
been  loud  and  emphatic  against  attempts  to  make  water  for  irrigation 
available  at  general  expense  in  this  part  of  the  great  central  valley  of 
the  State.  Notwithstanding  the  active  opposition  which  becomes 
manifest  whenever  the  construction  of  comprehensive  irrigation  sys- 
tems, such  as  would  compel  a  modification  of  the  present  use  of  lands, 
is  suggested,  the  spirit  of  unrest,  discontent,  and  a  desire  to  change 
conditions  preponderates  in  many  sections  of  the  northern  portion  of 
th^  great  central  valley.  This  was  demonstrated  when  opportunity 
was  afforded  to  organize  irrigation  districts  under  the  Wright  law  ten 
years  ago.  Seven  out  of  eight  districts  proposed  to  the  northward  of 
Merced  Biver  were  speedily  organized.  This  desire  to  change  from 
dry  farming  to  the  more  intense  cultivation  of  the  soil  made  possible 
by  irrigation  is  evidenced,  too,  by  the  success  of  a  number  of  small 
irrigation  works  in  and  adjacent  to  Sacramento  Valley.  Among  these 
are  the  irrigation  ditches  from  Cache  Greek,  near  Woodland,  Moore 
Canal,  Capay  Ditch,  and  Adams  Ditch.  Thermalito,  Palermo,  and 
Orangevale  may  be  cited  as  localities  where  the  growth  of  citrus  fruits 
is  stimulated  by  the  use  of  water.  There  is  some  irrigation  from  Stony 
Creek.  Deer  Creek  supplies  water  for  the  great  vineyard  at  Vina. 
Putah  Creek  is  drawn  upon  for  pump  irrigation  of  a  number  of  orchards 
and  vineyards,  and  both  stream  and  wind  assist  in  raising  ground 
water  to  the  surface  near  Florin  for  the  irrigation  of  orchards,  vine- 
yards, and  gardens.  It  is  not  within  the  scope  of  this  paper,  however, 
to  enumerate  or  describe  the  irrigation  works  of  Sacramento  Valley, 
and  they  are  referred  to  merely  as  illustrating  the  gradual  growth  of 
sentiment  in  favor  of  the  irrigated  form.  The  backset  which  irrigation 
has  received  by  the  unsatisfactory  operation  of  the  irrigation-district 
law  will,  it  is  hoped,  be  only  a  temporary  check  of  healthful  develop- 
ment under  extensive  systems  of  canals  that  should  make  much  of  the 
water  of  our  best  rivers,  now  flowing  unused  to  the  sea,  do  duty  as  an 
aid  to  agriculture. 

The  author  desires  to  express  his  appreciation  of  the  many  courtesies 
extended  to  him  in  all  parts  of  the  valley  in  the  work  of  collecting  data, 
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and  to  tbank  those  who  have  kindly  contributed  their  knowledge  of 
facts  or  have  otherwise  aided  him  or  contributed  material  for  this 
publication. 

SAN  JOAQUTN  VAIiliEY, 

San  Joaquin  YaUey  is  the  southern  and  larger  x>ortion  of  Oalifornia's 
great  central  valley  which  lies  between  the  Sierra  l^evada  on  the  east 
and  the  Coast  Bange  on  the  west.  Its  length,  measured  along  the 
axis  of  the  valley,  from  near  Stockton  at  its  lower  end  to  the  base  of  the 
Tejon  Mountains  at  its  upper  end,  is  250  miles.  The  average  breadth 
of  the  valley  is  over  40  miles.  It  is  naturally  divided  into  an  east-side 
plain  and  a  west-side  plain,  which  slope  with  remarkable  uniformity  and 
smoothness  of  surface  from  the  base  of  the  hills  upon  either  side  toward 
the  valley  trough.  Of  these  plains,  that  upon  the  east  side  of  the  val- 
ley,  at  the  base  of  the  Sierra  Nevada,  is  by  far  the  more  extensive  and 
the  more  important. 

In  their  original  condition  the  uplands  of  the  valley  were  almost  tree- 
less. A  few  grovec  of  oaks,  some  of  considerable  extent,  were  confined 
to  the  lands  watered  by  Galaveras  and  Mokelumne  rivers  and  lesser 
streams  near  Stockton;  to  the  black  land  near  Merced,  principally  to 
that  watered  by  Bear  and  Mariposa  creeks ;  and  to  the  deltas  of  Kings, 
Kaweah,  and  Tule  rivers.  Some  timber,  too,  was  found  on  the  river 
bottoms  and  on  the  submersible  plain  near  the  trough  of  the  valley. 
Except  where  cottonwoods,  willows,  and  occasional  oaks  or  sycamores 
mark  the  course  of  the  principal  west-side  creeks,  all  the  unirrigated 
lands  of  the  west-side  plain  and  the  abutting  hills  of  the  Coast  Bange 
are  bare  of  trees. 

The  area  of  San  Joaquin  Valley  is  11,500  square  miles,  which  may 
be  classified  as  follows:  East-side  plain,  7,700  square  miles;  west-side 
plain,  1,850  square  miles;  lands  covered  with  water  and  lands  subject 
to  occasional  inundation,  about  1,950  square  miles,  of  which  300  to  over 
900  square  miles,  according  to  the  stage  of  Tulare  Lake,  are  lake 
8ur£EMses. 

The  mountain  watershed  tributary  to  the  valley,  including  Cos.umnes 
Biver,  is  20,400  square  miles  in  extent,  of  which  less  than  one-fifth  lies 
on  the  west,  in  the  Coast  Bange,  more  than  four-fifths  being  to  the  east, 
in  the  Sierra  Nevada.  Large  rivers  of  perennial  flow  enter  the  valley 
from  the  east  and  cross  the  broad  east-side  plain,  but  on  the  west  the 
numerous  small  creeks  and  gulches  have  no  summer  flow,  and  their 
channels  are  lost  before  they  reach  the  main  valley  drain. 

The  valley  may  be  considered  as  again  divided  into  three  portions  by 
low,  flat  ridges  built  of  silt  deposits  made  by  two  of  the  principal  east- 
side  rivers,  Kern  Biver  and  Kings  Biver,  but  the  lines  of  demarcation 
are  not  features  of  any  prominence.  In  both  cases  there  has  been  a 
gradual  pushing  forward  of  the  river  deltas  until  basins  or  depressions 
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have  been  formed  above  the  crest  line  of  each,  thus  giving  rise  to  the 
Kern  and  Baena  Yista  lake  basins  in  the  one  case  and  to  the  Tulare 
Lake  basin  in  the  other* 

The  former  of  these  basins  has  never  been  one  of  sufficient  capacity 
to  prevent  the  annual  outflow  of  Kern  Biver  waters  toward  the  north 
by  way  of  Buena  Vista  Swamp  into  Tulare  Lake.  The  latter,  how- 
ever, repeatedly  and  for  many  years  at  a  time,  even  before  there  was 
any  diversion  of  water  from  tributary  rivers  for  irrigation,  has  been  so 
insufficiently  supplied  with  water  that  it  failed  to  overflow.  During 
such  periods  the  entire  drainage  basin  above  Tulare  Lake,  including 
ordinarily  a  portion  of  the  flow  of  Kings  Biver,  is  not  tributary  to  San 
Joaquin  Biver,  whose  watershed  area  is  then  reduced  to  about  19^000 
square  miles,  of  which  about  7,500  square  miles  are  valley  lands,  from 
which  there  is  ordinarily  little  or  no  run-off. 

Tulare  Lake  has  frequently  been  under  discussion  as  a  source  of 
water  supply  for  irrigation.  The  following  facts  with  reference  to  the 
fluctuations  of  its  water  surface  will  be  of  interest  in  connection  with 
its  availability  for  this  purpose:  Li  1853,  after  several  wet  seasons, 
the  lake  was  fiill,  though  probably  not  so  high  as  subsequently,  in  1862 
or  in  1808.  From  1853  until  1861  there  was  a  gradual  subsidence  of  the 
low- water  stage  of  the  lake.  The  rate  at  which  this  occurred  can  not 
now  be  determined.  In  the  faU  of  1861  the  water  surface  of  the  lake 
was  at  the  elevation  204  feet  above  sea  level  (low  water  of  Suisun  Bay), 
if  the  testimony  of  residents  at  the  lake  at  that  time,  in  reference  to  the 
rise  of  water  the  following  winter,  can  be  relied  upon.  The  unusually 
heavy  rainfall  of  the  winter  of  1861-62  caused  the  lake  to  rise  to  the 
highest  known  stage — ^220  feet  Its  area  was  increased  from  about  300 
to  about  800  square  miles,  and  300  billion  cubic  feet,  or  6,885,000  acre- 
feet,  of  water  were  added  to  its  contents.  It  continued  to  overflow  at 
least  until  the  spring  of  1863,  but  then  rapidly  fell  to  about  11  or  12 
feet  below  its  highest  stage,  which  was  its  condition  in  the  fall  of  1867. 
The  inflow  of  water  during  the  wet  winter  of  1867-68  again  brought 
the  lake  nearly,  if  not  quite,  to  the  high-water  stage  of  1861-62. 

The  water  surface  fluctuated  between  211  and  217  feet  in  the  years 
1872  to  1876,  then  receded  rapidly  to  the  lowest  known  stage — 192  feet — 
in  November,  1883.  From  that  time  to  this  the  lake  has  not  received 
sufficient  water  to  cause  it  to  overflow.  It  is  generally  believed  that 
the  diversion  of  water  for  irrigation  purposes  from  Kern,  Tule,  Kaweab, 
and  Kings  rivers  has  been  the  cause  of  the  decrease  of  water  volume 
in  the  lake,  but  this  is  not  true.  Although  such  diversion  must  pro- 
duce  some  effect  on  the  lake,  the  evidence  that  protracted  low  stag^es 
preceded  the  low  stage  of  1883  is  conclusive.  On  the  northeastern 
shore  of  the  lake,  close  by  the  mouth  of  Mussel  Slough,  there  is  a  group 
of  tree  stumps  at  an  elevation  of  about  200  feet.  These  were  found  at 
the  water's  edge  in  1882.  They  presented  the  appearance  of  having 
been  broken  off  at  a  height  of  3  to  4  feet  above  ground.    They  were 
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well  preserved  and  mast  have  been  under  water  for  nearly  thirty  years 
succeeding  the  high  stage  of  the  lake  of  1853.  These  stamps  are  a 
remnant  of  a  grove  of  willow  trees,  100  or  more,  some  of  which  had 
grown  to  a  diameter  of  4  feet.  It  would  not  have  been  possible  for 
these  trees  to  attain  such  growth  if  the  lake  had  not  been  at  a  low 
stage  for  many  years  in  succession  at  some  time  preceding  1853,  More- 
over, Indian  tradition  is  said  to  indicate  a  time  when  the  lake  was 
contracted  to  two  i>onds,  between  which  a  passage  from  the  east  to  the 
west  side  of  the  valley  was  possible. 

The  lowest  portion  of  San  Joaquin  Valley  is  bat  slightly  elevated 
above  sea  level.  The  elevation  of  the  surface  of  the  ground  is  from  10 
to  20  feet  along  the  eastern  margin  of  the  main  body  of  submersible  land 
in  the  lower  end  of  the  valley.    Thence  the  trough  of  the  valley  sontli- 
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Fig.  1.— Tulare  Lake,  near  moath  of  Moasel  Sloogh,  1882. 

eastward  gradually  rises  to  214  feet  on  the  flat  saddle  below  Tulare  Lake. 
The  elevation  of  the  lowest  point  in  the  bottom  of  Talare  Lake  is  about 
175  feet;  and  thence  there  is  a  rise  of  about  120  feet  to  the  outfall  point 
of  Buena  Vista  Lake.  This  lake  and  Kern  Lake  occupy  the  lowest  por- 
tions of  the  depression  above  the  Kern  Eiver  ridge,  and  their  beds  are 
at  the  elevation  of  285  feet. 

The  eastern  edge  of  the  valley  rises  from  an  elevation  of  110  feet, 
opposite  Stockton,  to  500  feet  soatheastward  from  Bakersfield.  The 
slope  of  the  east-side  plain  is  from  the  hills  toward  the  valley  trough 
at  the  rate  of  5  to  10  feet  a  mile;  that  of  the  west-side  plain  is  some- 
ii^hat  greater.  Except  for  the  bad-land  or  alkali  strip,  of  variable 
ii^idth,  which  flanks  the  submersible  lands  of  the  valley,  the  entire 
"valley  may  be  considered  as  well  adapted  for  irrigation  so  far  as  soils 
and  physical  conditions  are  concerned. 
ISB  17 2 
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The  Division  of  Hydrography  of  the  United  States  Geological  Sur- 
vey has  maintained  a  number  of  gaging  stations  in  San  Joaqain  Valley, 
and  ha«  published  some  of  the  results.^ 

The  important  streams  which  flow  into  San  Joaquin  Valley  are  all 
Sierra  Nevada  streams.  They  appear  in  small  capital  letters  in  the 
following  list  of  rivers  and  creeks  which  are  tributary  to  the  valley: 

Ar6A  drained,  in 
From  Tejon  Monntains :  Bqnareni]l«w.  ' 

Tojon  Creek ! 64 

Tecnya  Creek , 40 

Arroyo  Plata 32 

San  Eraidio  Creek 69 

From  the  Sierra  Nevada : 

Caliente  Creek 423 

Kern  River *. 2,345 

PoBo  Creek 289 

White  River 90 

DeerCreek 110 

TuLE  River .^ 437 

Kaweah  River 619 

Kings  River 1,742 

San  Joaquin  River 1,637 

Fresno  River 272 

ChowchiUa  River 268 

Mariposa  Creek 122 

Bear  Creek 166 

Merced  River 1,076 

Tuolumne  River 1,501 

Stanislaus  River .* 1,051 

Calaveras  River 491 

MOKELUMNE  RiVER C57 

Dry  Creek 283 

CosuMNES  River 580 

From  the  Coast  Range : 

Los  Gatos  Creek 441 

Cantna  Creek 52 

Big  Panoche  Creek 289 

Little  Panoche  Creek 106 

Arroyo  Ortigalitos -• 64 

LoH  Banos  Creek 151 

San  Lnis  Creek 88 

Romero  Creek 24 

Quinto  Creek 29 

Las  Garzas  Creek 67 

Orestimba  Creek 142 

Arroyo  de  la  Pnerta 77 

Arroyo  de  los  Piedras 20 

Hospital  Creek 30 

Corral  Hollow  Creek 73 

Marsh  Creek , .., 54 

1  Twelfth  Ann.  Rept.  U.  S.  G«ol.  Sarrey,  Part  II,  1891,  pp.  814.-323,  Pis.  hXXX-LXXXVUl ;  BuUeUn 
No.  131, 1895,  PP.78-8G;  Lnlletin  No.  140,  1896,  pp.  256-314;  Eighteenth  Ann.  Ropt.  U.  S.  Geo!.  Snrvf^y. 
Part  IV,  18?«7,  pp.  371-306;  'Wnt4^r-Snpply  nnd  Irrigation  Toijer  No.  11,  1897,  pp.  00-92;  Water-Supply 
and  Irrigation  Paper  No.  16,  1898,  pp.  187-192. 
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WATER  APPROPRIATION  Al^D  IRRIGATIOI^  BI8TRICT8, 

It  is  provided  iu  the  constitution  of  the  State  of  California  adopted 
in  1878  that  <^the  use  of  all  water  now  appropriated,  or  that  may  here- 
after be  appropriated,  for  sale,  rental,  or  distribution,"  is  a  public  use, 
subject  to  regulation  and  control  by  the  State,  and  that  water  rates 
are  to  be  fixed  annually  by  the  governing  bodies  of  counties  and 
municipalities. 

The  civil  code  of  the  State  says:  ^'The  right  to  the  use  of  running 
water  flowing  in  a  river  or  stream  or  down  a  canyon  or  ravine  may  be 
acquired  by  appropriation,"  But  this  right  ceases  when  the  water 
ceases  to  be  applied  to  some  useful  or  beneficial  purpose.  As  between 
appropriators,  the  one  first  in  time  is  the  first  in  right. 

The  method  of  making  an  appropriation  and  of  giving  notice  of  the 
water  claim  is  thus  prescribed : 

.  .  .  person  deeiriDg  to  appropriate  water  moat  post  a  notioe,  in  writing,  in  a 
conspicaoos  place,  at  the  point  of  intended  diversion,  stating  therein:  (1)  That  he 
claims  the  water  there  flowing  to  the  extent  of  (giving  the  number)  inches,  meas- 
ured under  a  four-inch  pressure ;  (2)  the  purposes  for  which  he  claims  it,  and  the 
place  of  intended  use;  (3)  the  means  by  which  he  intends  to  divert  it,  and  the  size 
of  the  flume,  ditch,  pipe,  or  aqueduct  in  which  he  intends  to  divert  it.  A  copy  of 
the  notice  must,  within  ten  days  after  it  is  posted,  be  recorded  in  the  office  of  the 
recorder  of  the  county  in  which  it  is  posted. 

But  the  mere  posting  and  recording  of  this  claim  to  water  confers  no 
right  upon  the  appropriator  unless,  within  sixty  days  after  the  notice 
is  posted,  the  construction  of  works  is  commenced  and  diligently  prose- 
cuted to  completion.  In  that  event,  and  in  that  only,  are  rights 
acquired,  which  then  relate  back  to  the  time  the  notice  was  posted. 
Moreover,  the  water  right  secured  under  the  notice  and  by  construc- 
tion of  works  should  not  be  considered  to  be  that  defined  in  the  notice, 
wherein  the  amount  named  is  often  absurdly  exaggerated,  or  may  be 
wholly  unintelligible;  but  regard  is  to  be  had  to  the  works  and  their 
capacity  as  actually  constructed  in  interpreting  the  language  of  the 
claim. 

Whole  volumes  have  been  filled  in  some  of  the  counties  of  this  State 
with  records  of  claims  to  water,  but  there  is  no  department  of  record — 
except  the  courts  in  cases  of  conflict — in  which  the  facts  relating  to 
date  of  ditch  or  caual  construction,  location,  dimensions,  and  capacity 
are  or  can  be  preserved.  Where  the  recollection  of  the  oldest  inhabit- 
ant is  often  the  only  source  of  information,  it  is  extremely  difficult  to 
trace  the  history  of  irrigation  works,  and  information  obtained  from 
owners-must  be  treated  with  some  caution. 

This  condition  of  public  records  in  the  matter  of  water  appropriation 
should  be  remedied  at  once.  The  State  needs  a  permanent  department 
whose  duty  it  will  be  to  determine  the  necessary  facts,  as  well  as  may 
be,  with  reference  to  every  water  appropriation  and  to  define  the  rights 
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of  the  several  appropriators.  There  are,  of  course,  many  other  duties 
with  which  such  a  department  might  be  charged,  but  it  is  not  proposed 
to  enlarge  upon  the  matter  at  this  time. 

After  defining  the  method  of  appropriating  water,  as  above  explained, 
it  was  until  1887  further  provided  in  the  civil  code  that  "the  rights  of 
riparian  proprietors  are  not  affected  by  the  provisions  of  this  title.'' 
Notwithstanding  the  repeal  of  this  particular  section  of  the  code,  all 
appropriations  of  water  must  necessarily  remain  subject  to  whatever 
rights  are  vested  in  the  bank-land  owners. 

The  first  attempt  to  combine  ownership  of  land  and  control  of  water 
for  irrigation  in  corporations  with  municipal  functions  appears  in  an  act 
to  promote  irrigation,  which  was  approved  by  the  governor  of  Califor- 
nia on  April  1, 1872.  This  act  was  a  precursor  of  the  irrigation-district 
law  now  in  force,  and  provided  for  the  formation  of  irrigation  districts 
on  petition  of  land  owners,  and  for  the  construction  of  works  with  money 
secured  by  assessment  of  benefits  upon  the  lands  in  the  districts.  The 
affairs  of  the  districts  were  to  be  managed  by  boards  of  trustees. 

This  law  was  restricted  in  its  operation  to  a  part  of  the  State,  and 
remained  practically  inoperative.  Four  years  later  a  special  law  was 
passed  authorizing  the  formation  of  the  "West  Side  irrigation  dis- 
trict," for  which  elaborate  surveys  and  studies  were  made  and  which 
was  to  have  been  largely  dependent  upon  Tulare  Lake  as  a  source  of 
supply.  ^Notwithstanding  the  recommendation  of  its  engineers  and 
of  the  commissioners  in  charge  of  the  matter,  the  project  failed,  and 
district  control  of  water  for  irrigation  purposes  was  again  deferred  until 
the  Wright  law  (named  after  its  author,  Mr.  G.  0.  Wright,  of  Modesto) 
was  passed,  in  1887.  Much  has  been  hoped  from  this  new  law  author- 
izing the  formation  of  irrigation  districts.  The  prime  object  of  the  law 
is  to  unite  ownership  of  land  and  water.  It  is  provided  that,  upon  a 
petition  of  landowners,  lands  susceptible  of  irrigation  by  the  same  sys- 
tem of  works  may  be  included  within  the  boundaries  of  a  district, 
which,  upon  ratification  by  a  vote  of  the  electors  therein,  is  endowed 
with  municipal  functions  for  the  specific  purpose  of  securing  and 
distributing  water  for  irrigation. 

The  £iffairs  of  each  district  are  managed  by  a  board  of  directors, 
one  of  whom  is  elected  from  each  of  the  five  divisions  into  which,  the 
district  is  ordinarily  divided,  and  until  recently  amended  the  law 
required  that  each  director  must  be  a  resident  of  the  particular 
division  of  the  district  by  which  he  was  elected.  These  requirements 
have  recently  been  modified  to  the  extent  that,  on  the  basis  of  the 
petition  for  the  formation  of  the  district,  only  three  divisions  may  be 
formed,  and  that  the  election  of  the  directors  may  be  at  large^  This 
was  done  to  overcome  dif&culties  encountered  in  finding  suitable 
persons  to  serve  as  directors  in  sparsely  settled  districts.  Powers  are 
conferred  upon  the  directors  to  do  everything  that  may  be  necessary 
to  carry  out  the  int-ent  of  the  law  and  to  secure  and  distribute  the 
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water  required  for  their  resi>ective  districts.  As  soon  as  the  probable 
cost  of  the  works  is  determined  they  fix  the  amount  of  bonds  necessary 
to  be  issued,  and  the  question  of  bond  issue  is  submitted  to  the  qualified 
electors  of  the  district.  Work  on  district  canals  is  ordinarily  done 
by  contract,  but  may  also  be  done  by  day  labor.  It  was  originally 
prescribed  by  law  that  bonds  should  not  be  sold  at  less  than  90  per 
cent,  and  as  the  law  now  stands  no  sales  are  to  be  made  at  less  than 
par.  The  bonds  may  also  be  used  in  paying  for  completed  canals  and 
for  water  rights  and  rights  of  way,  but  are  not  to  be  used  for  defraying 
expenses  of  operation  and  management. 

Difficulties  were  soon  encountered  in  the  application  of  this  law. 
Almost  at  the  outset  it  was  found  that  when  the  exterior  boundaries 
had  been  fixed  by  the  county  supervisors  on  petition  of  landowners  and 
the  testimony  of  volunteer  witnesses,  there  was  no  certainty  that  cor- 
rect conclusions  had  been  reached,  and  the  irrigation  project  assumed 
to  be  feasible  in  advance  of  an  engineering  investigation  might  still  be 
grievously  at  fault.  When  taxes  were  to  be  collected  to  meet  expenses 
of  examination  and  surveys,  active  opposition  often  became  manifest 
and  payments  were  in  many  cases  greatly  delayed.  The  validity  of  the 
law  was  called  into  question  and  was  passed  ux>on  repeatedly  by  State 
courts,  and  finally  by  the  Supreme  Court  of  the  United  States,  which 
only  recently  rendered  the  decision  which  conclusively  established  its 
validity. 

Meanwhile  many  of  the  districts  which  commenced  operations  under 
favorable  auspices  had  adopted  plans  and  issued  bonds  which  had 
been  offered  for  sale  with  more  or  less  success.r  The  hox>e  that  full 
confidence  in  the  successfdl  operation  of  the  law  would  be  speedily 
established  and  that  the  G  per  cent  bonds  would  soon  sell  above  par 
was  not  realized,  and  despite  favorable  decisions  in  the  superior  courts, 
confirmatory  of  the  proceedings  in  individual  districts,  and  favorable 
action  by  the  supreme  court  of  the  State,  the  bonds  did  not  sell  readily. 
The  districts  that  had  been  most  active  in  pushing  the  work  on  their 
canals  then  found  themselves  in  a  somewhat  peculiar  position.  The 
construction  funds  maintained  by  the  proceeds  of  bond  sales  were 
depleted,  the  canals  and  structures  were  incomplete  and  of  no  use 
until  conipleted,  and  to  current  expenses  had  been  added  the  annual 
interest  and  sinking  fund  account  on  bonds  already  sold. 

It  is  hardly  surprising  that,  pending  a  final  decision  by  the  highest 
tribunal  of  the  country — a  decision  which  was  not  secured  until  nine 
years  after  the  enactment  of  the  law— every  resource  was  exhausted 
by  some  of  the  district  managements  to  continue  operations  and  to 
derive,  benefit  from  completed  or  nearly  completed  works.  The  law 
requiring  bonds  to  be  sold  at  90  per  cent  or  more  was,  in  some  instances, 
evaded  by  selling  without  requiring  the  purchaser  to  guarantee  that 
bonds  would  be  taken  as  offered.  Contracts  were  then  awarded,  often 
without  more  than  nominal  competition,  and  at  rates  far  in  excess  of 
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cash  value,  it  being  generally  understood  that  the  money  paid  iu  for 
any  block  of  bonds  quickly  returned  to  the  contractors,  in  exchange 
for  warrants  for  work  performed  or  material  furnished.  In  other  cases 
ditches  were  built  under  supervision  of  the  district  engineer  by  pri- 
vate parties,  and  after  completion  were  bought  by  the  irrigation  district 
for  bondsj  which  were  thus  legally  disposed  of  without  a  direct  sale. 
The  cost  of  works  under  such  conditions  necessarily  became  greater 
than  if  all  could  have  been  constructed  for  cash.  Sometimes,  too,  first 
estimates  of  cost  were  too  small  to  complete  the  system  of  works  even 
under  ordinary  conditions,  so  that  supplemental  bond  issues  had  to  be 
resorted  to,  or  will  yet  be  necessary,  to  complete  and  put  the  irrigation 
systems  into  service. 

It  is  found,  too,  that  the  introduction  of  water  into  a  new  district 
generally  brings  disappointment.  The  farmer  is  not  prepared  to  make 
immediately  full  use  of  the  water.  Its  mere  presence  in  the  main  canals 
and  laterals  is  not  a  guaranty  of  good  crops,  and  he  is  often  slow  to 
adapt  himself  to  the  new  methods  of  farming  that  become  necessary. 
So  the  burden  put  upon  the  farmer  in  the  shape  of  increased  taxation 
brings  no  quick  return,  and,  even  under  comparatively  favorable  con- 
ditions, dissatisfaction  is  likely  to  result. 

In  the  light  of  ten  years'  experience  the  conclusion  seems  justified 
that,  though  endeavoring  to  establish  a  correct  principle,  the  law  has 
not  been  uniformly  successful  in  its  operation.  State  supervision  by  a 
competent  board  of  public  works,  which  has  the  confidence  of  the 
people,  is  a  first  requirement.  This  supervision  should  not  be  a  mere 
nominal  one,  but  district  boundaries  and  preliminary  plans  of  works 
should  emanate  from  a  department  of  that  character,  and  no  plans 
should  be  finally  adopted  without  its  approval.  Such  board  should 
serve  the  several  districts  at  least  in  an  advisory  capacity  when  required 
to  do  so,  thereby  guaranteeing,  as  far  as  may  be  possible,  an  adequate 
source  of  water  supply  and  an  adequate  canal  system.  The  bonds  of 
every  district  should  be  guaranteed  by  the  State,  and  all  bond  sales 
should  be  made  by  the  State,  so  that  district  construction  work  may 
always  be  done  on  a  cash  basis. 

Bond  issues,  after  being  declared  necessary  by  the  directors  of  any 
district,  are  voted  upon  by  the  qualified  electors  of  the  district. 
Operations  under  the  law  would  have  been  safer  and  would  have  com- 
manded greater  confidence  if  the  right  to  vote  on  all  questions  involv- 
ing the  expenditure  of  money  or  the  incurring  of  an  indebtedness 
could  have  been  restricted  to  the  landowners  or  the  taxpayers  of  each 
district.  The  question  of  material  benefit  would  in  most  cases  be  safer 
in  their  hands  than  if  left  to  a  popular  vote,  which,  as  the  law  now 
stands,  is  often  largely  cast  by  a  floating  population. 

Under  the  district  law  the  operating  expenses  are  raised  either  by 
the  levying  of  an  assessment  (which  must  be  ratified  by  a  vote)  or  by 
charges  established  by  the  directors  for  the  use  of  the  water. 
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There  are  several  irrigation  districts  in  San  Joaqnin  Valley  in  which 
canal  systems  have  been  brought  into  actual  service,  bat,  as  above 
intimated,  the  operation  of  the  system  does  not  give  general  satisfac- 
tion. The  irrigation  districts  of  the  great  central  valley  of  California 
are  here  briefly  enumerated.  Those  of  San  Joaquin  Valley  will  again 
be  taken  up  and  treated  more  fully  in  connection  with  the  irrigation 
works  dependent  upon  a  common  source  of  supply. 

Kraft  irrigation  district — ^This  is  the  most  northerly  of  the  several 
districts  in  Sacramento  Valley,  and  is  situated  on  the  north  side  of 
Stony  Greek.  It  was  organized  in  1888.  Its  area  is  13,500  acres. 
Stony  Creek  was  to  be  the  source  of  supply,  and  bonds  to  tlie  extent  of 
$80,000  were  voted.  No  bonds  were  sold,  all  debts  were  paid,  and  no 
further  action  under  the  law  is  contemplated. 

Orland  South  Side  irrigation  district — This  district,  in  Sacramento 
Valley,  was  organized  in  1888  and  is  sitaated  on  the  south  side  of 
Stony  Creek,  directly  opposite  Kraft  district  It  has  an  area  of  about 
26,000  acres  and  was  to  be  dependent  upon  Stony  Creek  for  a  water 
supply.  No  bonds  were  sold,  although  $100,000  had  been  voted.  The 
district  organization  is  dead. 

Central  irrigation  district. — This  is  the  most  important  district  in 
Sacramento  Valley.  It  extends  southerly  from  near  Stony  Creek  lor  a 
distance  of  about  40  miles,  being  situated  on  the  west  side  of  the  val- 
ley, between  the  base  of  the  Coast  Bange  foothills  and  the  valley 
trough,  and  having  an  average  width  of  about  4  miles.  Its  area  is 
156,550  acres.  Sacramento  Biver  is  the  contemplated  source  of  sup- 
ply. The  district  was  organized  in  1887.  Estimated  cost  of  works, 
not  including  rights  of  way  or  litigation,  was  $5^,000.  Bonds  were 
issued  to  the  extent  of  $750,000,  of  which  about  $200,000  remain 
unsold.    No  work  has  been  done  since  1891. 

Colusa  irrigation  district. — This  is  a  Sacramento  Valley  irrigation 
district,  which  has  remained  inactive.  It  was  organized  in  1888,  on  the 
west  side  of  Sacramento  Biver,  intermediate  between  the  river  and 
Central  district.  Its  area  is  about  100,000  acres,  and  the  bonds  voted 
were  $600,000,  but  no  bonds  were  sold.  The  proposed  source  of  water 
supply  was  Sacramento  Biver,  it  being  intended  to  use  the  upper  sec- 
tion of  a  main  canal  in  common  with  Central  irrigation  district. 

College  City  irrigation  district  (proposed). — This  was  to  be  a  third 
district,  dependent  upon  the  canal  which  was  to  divert  water  from 
Sacramento  Biver  for  Central  district.  Its  organization  was  under 
contemplation  in  1889,  but  it  failed.  It  was  practically  a  proposed 
southward  extension  of  Central  district. 

Browns  Valley  irrigation  district — This  irrigation  district,  organized 
in  1888,  is  situated  in  the  foothills  of  the  Sierra  Nevada,  on  the  east 
side  of  Sacramento  Valley.  It  has  an  area  of  43,000  acres.  Water  for 
its  irrigation  is  diverted  from  Yuba  Biver.    The  bonds  voted  and  sold 
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amount  to  $110,000.    The  irrigatiou  system  was  completed  and  is  in 
service. 

Modesto  irrigation  district, — This  district  is  situated  in  San  Joaquin 
Valley,  between  Stanislaus  and  Tuolumne  rivers.  It  was  organized  in 
1887  with  an  area  of  about  120,000  acres.  To  cut  down  cost  of  works 
necessary  for  its  irrigation  this  area  was  reduced  to  81,500  acres  by  omit- 
ting high  uplands  in  the  northeastern  portion  of  the  original  district. 
After  protracted  conferences  with  Tnrlock  district  an  arrangement  was 
entered  into  whereby  the  two  districts  were  to  construct  a  great 
masonry  weir  or  diverting  dam  in  Tuolumne  Eiver  in  common,  the  cost 
of  which  was  to  be  apportioned  to  the  two  districts  in  equal  shares. 
The  district  voted  bonds  to  the  amount  of  $800,000  in  1888,  which  have 
all  been  disposed  of.  A  further  bond  issue  of  $350,000  has  been  voted 
to  complete  the  main  canal  and  to  construct  distributaries. 

Turlock  irrigation  district. — This  irrigation  district  is  situated  on  the 
south  side  of  Tuolumne  Biver  and  embraces  the  greater  portion  of  the 
upland  or  east-side  plain  of  San  Joaquin  Valley  between  Tuolumne 
and  Merced  rivers,  of  which  the  former  is  to  be  the  source  of  wat-er 
supply. '  It  has  an  area  of  176,000  acres.  Bonds  to  the  amount  of 
$600^000  were  voted  soon  after  the  organization  of  the  district-,  in 
1887,  and  construction  work  was  actively  pushed.  A  second  issue  of 
bonds,  to  the  amount  of  $600,000,  was  found  necessary,  and  the  main 
canals  will  probably  be  completed  within  a  reasonable  time. 

Madera  irrigation  district. — ^This  district,  organized  in  1888,  is  sit- 
uated on  the  east  side  of  San  Joaquin  Valley  to  the  north  of  San 
Joaquin  Biver.  Its  area  is  305,000  acres.  San  Joaquin  Biver  was  to 
supply  water  for  the  district.  Bonds  to  the  amount  of  $850,000  were 
voted,  but  none  were  sold.  After  much  litigation  it  was  finally 
decided  to  abandon  all  further  proceedings  under  the  district  organi- 
zation. 

Selma  irrigation  district. — The  lands  watered  by  Fowler  Switch  and 
GenterviUe  and  Kingsburg  canals  have  been  united  in  Selma  irrigation 
district.  They  are  situated  on  the  east- side  San  Joaquin  Valley  plain, 
on  the  north  side  of  Kings  Biver.  It  was  proposed  to  acquire  by  pur- 
chase the  two  canals  mentioned.  The  district  was  organized  in  1890. 
Bonds  were  to  be  issued  to  the  amount  of  $1,000,000,  but  this  bond 
■issue  was  twice  defeated. 

Alta  irrigation  district. — This  district  is  situated  on  the  south  side 
of  Kings  Biver,  and  has  an  area  of  130,000  acres.  It  was  organized 
in  1888,  and  bonds  to  the  amount  of  $675,000  were  voted,  of  which 
$410,000  were  paid  for  the  "Seventy-six^  canal  system,  which  has 
thus  become  the  district  canal.  Its  water  comes  from  Kings  Biver. 
Permanent  head  works  and  a  number  of  distributing  canals  are  yet 
to  be  constructed. 

Tulare  irrigation  district. — This  district  lies  in  the  delta  of  Kaweah 
Biver,  encompassing  the  town  of  Tulare.    It  was  organized  in  1889,  and 
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has  au  ai*ea  of  39,200  acres.  Bonds  to  the  amount  of  $500,000  werevoted, 
of  which  about  $300,000  were  paid  for  existing  canals,  reservoir  site, 
and  water  rights,  and  the  remainder  went  toward  the  construction  of 
branch  canals,    Kaweah  Biver  is  the  source  of  water  supply. 

Tule  River  irrigation  district. — This  district  is  situated  in  the  delta  of 
Tule  Biver.  Bonds  were  originally  voted  to  the  extent  of  $90,000,  and 
a  second  issue  of  $10,000  soon  followed.  This  district  was  organized  in 
1891.  It  has  an  area  of  about  22,000  acres  and  takes  water  from  Tule 
Biver. 

Tipt&n  irrigation  district — This  district  is  situated  to  the  south  of 
Tule  Biver,  from  which  it  was  to  be  supplied  with  water.  The  bonds 
voted  amount  to  $50,000.  These  bonds  and  unpaid  warrants  to  the 
amount  of  $15,000  were  necessary  to  complete  a  canal  system,  which  is 
temporarily  out  of  service  by  order  of  the  court. 

Peso  irrigation  district. — ^This  is  another  of  the  east-side  San  Joaquin 
Valley  districts.  It  is  situated  in  Kern  County,  northward  from  Kern 
Biver,  on  the  north  side  of  Poso  Greek,  which  is  its  source  of  water 
supply.  It  has  an  area  of  40,000  acres,  and  bonds  were  voted  to  the 
amount  of  $500,000.  It  is  one  of  the  districts  in  which  land  is  almost 
valueless  without  irrigation.  Its  sparse  population  is  indicated  by  the 
fact  that  only  24  votes  were  cast  on  the  question  of  district  organiza- 
tion, and  only  35  on  the  bond  issue.  Works  are  still  incomplete,  though 
a  portion  of  the  district  has  water.    All  bonds  have  been  disposed  of. 

Kern  a/nd  Tulare  irrigation  district. — This  district  lies  in  Kern  and 
Tulare  counties.  It  was  organized  in  1890,  and  was  to  have  been  sup- 
plied with  water  diverted  from  Kern  Biver.  Its  area  is  84,300  acres. 
The  bonds  voted  amounted  to  $700,000.  Although  about  $40,000  were 
expended  in  preliminary  work,  there  has  been  no  canal-construction 
work  done  by  the  district. 

Huron  irrigation  district — This  is  a  west-side  district,  situated  near 
the  base  of  the  Coast  Bange  foothills,  to  the  northwest  of  Tulare  Lake. 
The  district  was  organized  in  1891,  and  was  to  be  irrigated  with  water 
developed  largely  from  the  subsurface  flow  of  Los  Gatos  Creek.  It 
has  sold  no  bonds,  and  no  construction  work  has  been  done. 

Sunset  irrigation  district — ^This  is  a  very  large  district,  embracing  a 
long,  narrow  strip  of  land  on  the  west  side  of  San  Joaquin  Valley.  It 
extends  northward  frt>m  Tulare  Lak6  about  00  miles,  and  has  an  area 
of  363,400  acres.  It  was  organized  in  1889.  Bonds  were  voted  to  the 
amount  of  $2,000,000,  and  some  of  these  have  been  issued  in  return  for 
water  rights  and  rights  of  way.  A  contract  has  been  let  aggregating 
$1,500,000  for  the  construction  of  its  works,  and  operations  under  it 
were  to  begin  soon  after  a  favorable  decision  on  the  district  law  by  the 
Supreme  Court  of  the  United  States.  It  is  understood  that  the  con- 
tractor is  now  ready  to  proceed  under  his  contract 


26  IRRIGATION   NEAR   BAKBBSFIELD,    CALIFORNIA.  (ho.  17. 

METHOB8  OF  IBBIGATION. 

Although  water  was  used  for  the  irrigation  of  mission  gardens  in 
California  more  than  one  hundred  years  ago,  irrigation  may  still  be 
regarded  as  a  new  art  in  this  State.  Irrigation  development  was  not 
rapid  until  within  the  last  twenty  years,  and  methods  of  irrigation  are 
the  result  in  most  cases  of  attempts  to  adapt  to  local  conditions  the 
methods  in  use  elsewhere.  There  was  no  incentive  at  the  outset  to 
prevent  waste,  so  that  the  method  adopted  was  very  often  determined 
by  first  cost  of  land  preparation.  As  the  duty  of  water  was  gradually 
raised  and  the  supply  allotted  per  acre  of  land  became  smaller,  more 
attention  was  given  to  the  method  of  use,  and  particularly  to  the 
reduction  of  waste.  The  degree  of  attention  which  the  suppression  of 
waste  receives  depends  also  upon  the  value  of  the  products  of  the  soil. 
This  has  led  to  the  introduction  of  extensive  pipe  systems  in  southern 
counties  of  the  State  for  water  distribution  to  irrigators,  as  well  as  its 
delivery  on  individual  tracts  at  the  exact  spots  where  wanted  for  use. 
But  in  San  Joaquin  Valley,  where  the  volumes  of  wat>er  under  con- 
trol are  larger  and  cultures  are  generally  on  a  lower  scale  of  value 
than  farther  south,  the  use  of  pipes  is  still  out  of  the  question.  The 
methods  here  adopted  are  more  or  less  perfectly  adapted  to  the  pecul- 
iarities of  climate,  soil,  and  physical  features  of  the  tracts  irrigated, 
but  vary  within  wide  limits  according  to  the  caprice  of  the  individual 
irrigators. 

The  methods  of  irrigation  in  San  Joaquin  Valley  may  be  classified 
as  follows : 

Irrigation  by  flooding. 

Irrigation  from  furrows. 

Irrigation  by  saturation  of  subsoils. 

Irrigation  from  subsurface  conduits. 

Cereals  are  generally  irrigated  by  flooding  or  by  saturation  of  sub- 
soils, sometimes  by  the  furrow  method ;  alfalfa  is  irrigated  by  flooding 
or  by  saturation  of  subsoils;  fruits  and  vines  are  irrigated  by  any  of 
the  methods  enumerated;  and  vegetables,  generally  from  furrows. 

Wild  flooding, — Water  is  made  to  escape  over  the  banks  of  small 
ditches  constructed  on  the  highest  ground,  and  is  controlled  in  its  flow 
over  the  surface  to  be  irrigated  by  attendants.  The  supply  ditch  is 
either  at  the  highest  margin  of  the  tract  to  be  irrigated  or  follows 
along  ridge  summits.  Water  is  turned  from  it  into  irrigating  ditches, 
which  are  usually  very  shallow  depressions  with  flat  embankments  ou 
their  lower  sides,  over  which  the  water  flows  in  a  thin  sheet.  It  is 
controlled  as  much  as  possible  by  attendants,  who  try  to  force  it  over 
the  entire  surface  intermediate  between  irrigating  ditches.  Surplus 
water  accumulates  in  the  lower  ditches  and  is  used  again.  The  prepa- 
ration of  the  ground  for  irrigation  by  wild  flooding  is  very  inexpen- 
sive, but  the  cost  of  applying  the  water,  owing  to  constant  attendance 
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reqaired,  is  relatively  great.  One  attendant  is  expected  to  irrigate 
from  1  to  2  acres  a  day.  The  irrigating  ditches  and  their  embank- 
ments are  usually  so  flat  that  they  do  not  interfere  with  farming  oper- 
ations. This  method  of  irrigation  is  to  be  regarded  as  somewhat 
primitive  and  is  used  but  little. 

Flooding  in  contour  checks. — The  land  to  be  irrigated  is  divided  into 
compartments  or  checks,  each  of  which  is  entirely  surrounded  by 
embankments  of  earth.  The  principal  embankments  follow  contour 
lines,  the  vertical  distance  from  one  contour  levee  to  the  next  being 
uniform.  The  contour  interval  usually  selected  is  6  to  9  incbes,  rarely 
so  great  as  1  foot.  It  depends  in  all  cases  upon  the  surface  slope  of 
the  ground  to  be  prepared  for  irrigation,  and  should  be  less  than  6 
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inches  if  the  ground  is  sufficiently  flat  to  permit  such  an  arrangement 
without  making  the  individual  checks  too  small.  For  ground  on  a 
slope  that  would  require  levees  more  than  1  foot  apart  in  elevation 
some  other  method  of  irrigation  should  be  adopted.  The  strips  of  land 
between  the  contour  levees  are  subdivided  by  cross  levees  into  com- 
partments of  convenient  size,  which  are  generally  called  "checks.'' 
Their  area  should  vary  according  to  the  volume  of  water  available,  a 
good  rule  for  porous  soils  being  not  to  exceed  one-fourth  of  an  acre  for 
each  second-foot  when  a  large  head  of  water  is  available,  and  to  make 
half  an  acre  per  second-foot  the  limit  for  a  small  supply. 

Water  is  supplied  to  the  several  checks  in  turn  from  highest  to  low- 
est in  each  series  between  cross  levees.    The  irrigating  ditch  which 
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leads  off  from  the  supply  canal  is  usually  carried  in  the  direction  of 
greatest  slope,  cutting  the  sereral  contour  levees  nearly  at  right  angles. 
Irrigation  commences  by  turning  a  full  head  of  water  into  the  upper 
check  upon  one  side  of  the  irrigating  ditch.  This  should  be  filled  in 
from  one  to  six  hours.  In  the  full  check  water  should  be  barely  over 
the  highest  portion  of  the  ground,  but  6  inches  to  1  foot  deep  in 
the  lowest  portion  of  the  check,  according  to  contour  interval.  The 
contour  levee  should  have  its  top  about  half  a  foot  above  the  water 
surface  of  a  full  check.  When  the  upper  check  is  entirely  submerged, 
gates  are  opened  from  the  irrigating  ditch  into  the  next  lower  check, 
those  admitting  water  to  the  upper  check  are  closed,  and  one  or  more 
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gates  in  the  cont5ur  levee  between  the  two  checks  are  oi)ened  to  per- 
mit the  surplus  water  from  the  first  to  drain  into  and  assist  in  submerge- 
ing  the  second  one.  This  will  require  less  time  to  fill  than  the  firsts 
because  the  supply  of  water  from  the  ditch  is  augmented  by  the  run- 
off from  the  upper  check. 

The  irrigating  ditches  frequently  replace  cross  levees,  so  that  water 
can  be  admitted  to  a  check  from  both  sides  at  once. 

When  the  average  time  required  to  fill  checks  on  sandy  soils  exceeds 
three  hours,  it  may  generally  be  assumed  that  water  Is  wasted ;  either 
the  checks  are  too  large  or  there  is  not  enough  water  turned  in.  Heavy 
soils,  however,  do  not  take  up  water  rapidly,  and,  aside  from  requir- 
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ing  more  time  to  absorb  water,  they  do  not  permit  its  flow  to  subsoils 
so  readily  as  do  sandy  soils,  consequently  more  time  may  be  allowed  to 
All  a  check  in  clayey  soil  without  undue  waste.  Twenty-four  hours 
should  be  regarded  as  the  permissible  limit. 

Checks  are  occasionally  very  large.  One  was  found  in  service  under 
the  Galloway  Canal  having  an  area  of  60  acres.  The  water  supplied  to 
it  was  reported  to  have  been  as  great  as  250  second-feet.  Such  areas 
in  one  check  are  never  advisable  and  are  merely  temporary  features  of  a 
growing  system.  Eight  to  10  acre  checks  are  large,  and  those  of  2  to 
5  acres  are  generally  preferred. 

Embankments  around  the  checks  may  be  either  permanent  or  tempo- 
rary. The  latter  are  rare.  Permanent  check  levees  are  made  of  two 
tyx>^9  either  with  very  steep  sides  and  narrow  tops,  so  as  to  occupy  as 
little  space  as  possible,  or  very  broad  and  flat,  so  as  not  to  interfere 
with  farming  operations.  The  flat  embankment  becomes  a  part  of  the 
cultivated  area  and  generally  is  the  most  productive  part  of  the  irri- 
gated field.  It  is  constructed  by  scraping  up  material  firom  a  broad 
area  on  both  sides  if  the  ground  is  nearly  level,  or  from  the  lower  side 
only  if  the  ground  is  comparatively  steep.  The  cost  of  preparing  land 
for  this  method  of  irrigation  in  i)ermanent  checks  ranges  from  $2.50  to 
$5  per  acre,  the  cost  of  the  necessary  distributing  canals,  ditches,  and 
structures  from  $3  to  $5  per  acre.  These  figures,  of  course,  may  be 
greatly  exceeded  if  the  ground  has  too  great  a  slope  or  is  very  much 
broken  by  hogwallows,  or  swales  and  ridges.  Irrigation  by  this  method 
is  much  less  expensive  than  by  wild  flooding.  The  only  work  required 
of  attendants  is  the  opening  and  closing  of  gates  and  the  guarding  of 
the  check  levees.  When  ground  is  well  prepared  for  this  method  of 
irrigation  and  the  supply  of  water  is  abundant,  the  cost  of  each  appli- 
cation of  water  will  range  from  3  to  30  cents  per  acre.  The  best 
examples  of  irrigation  by  this  method  aie  found  on  Kern  Island;  under 
Calloway  Canal;  on  Buena  Yista  farm,  watered  by  the  Kern  Valley 
Water  Company's  canals;  near  Borden  and  Madera;  on  the  Eiverside, 
Columbia,  and  Chowchilla  ranches,  irrigated  by  the  Chowchilla  Canal; 
on  the  west  side  of  the  San  Joaquin,  under  the  San  Joaquin  and  Kings 
Biver  Canal;  and  at  various  other  points. 

Flooding  in  rectangular  checks^  not  level, — ^The  subdivision  into  com- 
partments of  the  land  to  be  irrigated  is  carried  out  on  straight  lines, 
and  levees  are  built  on  these  lines.  The  subdivision  may  be  planned 
with  some  regard  to  the  direction  of  the  contour  lines  and  lines  of 
greatest  slope,  or  these  may  be  entirely  ignored.  The  advantage  of 
this  system  over  subdivision  or  contour  lines  is  better  conformity  with 
property  limits  and  culture  borders,  but  it  has  many  disadvantages 
when  the  surface  of  the  ground  is  not  very  smooth.  Levees  are  not 
uniform  in  dimension,  as  is  the  case  with  the  principal  levees  under  the 
contour  system.  It  is  difficult  to  avoid  leaving  low  spots,  which  int/Cr- 
fere  with  thorough  drainage,  and  the  first  cost  of  land  preparation  is 
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generally  somewhat  greater  than  when  contour  levees  are  used.  The 
method  of  applying  water  is  substantially  tlie  same  as  in  the  case  of 
contour-check  irrigation.  Flooding  progresses  in  the  direction  from 
highest  to  lowest  ground. 

A  good  example  of  this  method  of  irrigation  is  to  be  seen  on  the 
Eohler,  West  &  Minturn  tract,  near  Miuturn.  The  soil  is  a  light, 
sandy  loam,  underlain  by  a  hardpan,  which  is  near  the  surface  at  the 
eastern  limit  of  the  tract,  but  which  dips  westward.  The  soil  water  is 
about  14  feet  below  the  surface.  When  irrigation  is  in  progress 
with  a  full  head  of  water  (about  16  second-feet  is  so  considered  .by  its 
owners),  six  men  are  required  to  manipulate  gates  and  guard  check 
levees.    These  attendants  work  in  two  shifts  of  three,  each  for  twelve 
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hours.  The  progress  made  is  at  the  rate  of  about  20  acres  a  day. 
On  the  same  tract  some  land  is  subdivided  on  the  contour  plan. 
Where  this  is  the  case  the  rate  of  progress  is  nearly  twice  as  great, 
but  this  difference  in  the  duty  of  water  is  not  to  be  ascribed  solely  to 
the  method  of  irrigation;  the  rectangular  checks  are  in  the  western 
portion  of  the  tract,  where  soil  is  lightest  and  deepest,  and  where  duty 
of  water  is  naturally  least. 

Flooding  in  level  checks, — The  surface  of  the  ground  in  eacl^  compart- 
ment is  made  perfectly  level  and  smooth.  In  such  cases  the  check 
levees  are  low.  Checks  are  made  small  to  reduce  cost  of  laud  prepara- 
tion.   The  amount  of  material  to  be  moved  when  the  original  surface  is 
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smooth  increases  with  the  square  of  the  dimension  of  the  checks  in  the 
direction  of  greatest  slope.  All  checks  are  usually  made  rectangular. 
Laud  preparation  for  this  method  of  irrigation  is  always  expensive, 
but  where  the  surface  needs  special  treatment,  as  in  the  case  of  the 
knoUy  or  "hogwallow"  lands,  the  excess  of  cost  over  other  methods  is 
inconsiderable.  The  first  irrigators  near  Fresno  adopted  this  method, 
and  it  has  long  remained  in  favor  in  that  locality.  The  first  applica- 
tion of  water  was  often  acconipauied  by  peculiar  phenomena,  notably  in 
the  nature  of  an  irregular  surface  settlement,  due  in  part  to  a  copious 
flow  from  the  surface  into  subsoils,  which  often  caused  a  general  break- 
ing down  of  the  surface.  In  refilling  the  depressions  caused  by  the  first 
wetting  a  level  plane  was  established  for  each  check,  regardless  of  the 
nature  of  the  crop  to  be  irrigated,  and  this  system  of  leveling  the 
ground  in  each  check  has  become  a  characteristic  feature  of  irrigation 
near  Fresno. 

The  area  of  the  checks  is  made  small,  generally  less  than  1  acre, 
usually  one-quarter  to  one-half  acre.  Water  is  admitted  to  the  several 
checks  from  small  irrigating  ditches,  and  is  shut  oif  as  soon  as  it  has 
spread  over  the  whole  surface  of  each.  There  is  ordinarily  no  drain- 
age from  level  checks.  All  water  admitted  to  each  is  allowed  to  sink 
into  the  soil.  Not  more  than  three  hours  should  be  required  to  fill  a 
check  with  water,  soil  being  ordinary  sandy  loam.  If  more  time  is 
required  the  supply  of  water  should  be  increased  or  the  size  of  the 
check  should  be  reduced. 

In  1882  an  irrigator  near  Fresno  was  observed  irrigating  four  small 
checks  of  alfalfa.  His  water  supply  was  small,  only  2.26  second-feet. 
Instead  of  turning  all  the  water  in  turn  into  the  several  checks,  he 
apportioned  it  to  the  four,  and  the  time  to  fill  them  was  ten  hours, 
whereas  not  more  than  an  hour  apiece  would  have  been  required  had 
they  been  filled  one  after  the  other. 

The  cost  of  preparing  land  for  this  method  of  irrigation,  including 
the  necessary  small  ditches  and  gates,  ranges  from  about  $15  to  $50 
per  acre.  The  cost  of  applying  water  is  inexpensive.  The  attendant 
in  charge  usually  has  time  for  other  work,  it  being  ordinarily  only 
necessary  to  turn  the  water  off  and  on. 

Flooding  between  parallel  levees, — This  is  a  recent  modification  of  the 
primitive  system  of  wild  flooding,  especially  adapted  to  such  cultures  as 
alfalfa  and  growing  cereals.  Low  parallel  embankments,  generally  50 
to  100  feet  apart,  are  constructed  in  the  direction  of  the  land's  greatest 
slope.  Water  is  delivered,  at  the  upper  end  of  a  strip  of  land  between 
two  of  these  embankments,  into  a  ditch  whose  downstream  bank  is 
usually  raised  slightly  above  the  general  surface  of  the  ground,  and  is 
made  level.  Enough  water  is  admitted  to  this  ditch  to  cause  an  over- 
flow of  1  to  2  inches  over  this  bank,  and  this  overflow  is  maintained 
until  water  reaches  the  lower  end  of  the  strip  of  land.  Ordinarily  the 
water  will  spread  from  levee  to  levee.     If  it  shows  too  great  tendency 
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to  concentrate  on  fixed  lines,  and  fails  to  spread,  it  is  intercepted  with 
other  ditches  or  depressions  similar  to  the  one  at  the  head  of  the  strip 
of  land,  and  the  flow  from  levee  to  levee  again  becomes  uniform. 

All  embankments  are  ordinarily  very  low  and  flat,  so  that  farming 
operations  will  not  be  interfered  with.  The  cost  of  land  preparation 
for  this  method  is  about  $5  to  tlO  per  acre. 

Furrow  irrigation. — ^The  method  of  irrigation  by  running  water  in 
furrows  or  small  temporary  ditches  made  with  the  plow  is  a  common 
one  in  Ban  Joaquin  Valley.  It  is  the  method  generally  adopted  for  the 
irrigation  of  fruits,  vines,  vegetables,  hops,  or  other  cultures  usually 
arranged  in  parallel  rows.  Water  Is  allowed  to  flow  in  furrows,  from 
which  it  sinks  into  the  soil,  beiog  most  readily  absorbed  by  the  upper 
layers  which  have  been  loosened  by  plowing.  Occasionally  drainage 
is  combined  with  furrow  irrigation;  more  frequently^  however,  no  atten- 
tion  is  paid  to  drainage,  the  aim  being  to  supply  to  each  furrow  only 
the  amount  of  water  that  will  be  absorbed  by  the  soil.  The  flooding 
of  portions  of  the  ground's  surface,  as  by  the  furrow  methods,  compacts 
the  soil,  thereby  facilitating  the  return  of  moisture  from  below  the 
surface,  where  it  evaporates.  To  destroy  the  capillary  action  of  the 
surface  layer,  it  is  necessary  to  use  the  hoe  or  some  other  implement 
before  it  becomes  too  dry  and  baked. 

Furrow  irrigation  of  cereals. — Cereals  are  not  ordinarily  irrigated  by 
the  furrow  method,  but  this  method  of  rapidly  supplying  moisture  to  a 
grain  fleld  not  specially  prepared  for  irrigation  has  often  been  resorted 
to  when  conditions  seemed  to  justiiy  a  special  eifort  to  save  a  parching 
crop.  Sometimes,  too,  land  is  wet  in  the  fall  of  the  year,  before  sowing, 
by  this  method. 

If  the  slope  of  the  ground's  surface  be  not  too  great  the  furrows, 
which  are  generally  deep,  single  plow  furrows,  are  run  in  the  direction 
of  the  slope.  They  are  placed  8  to  12  feet  apart,  according  to  the 
porosity  of  the  soil.  Water  is  admitted  into  them  from  small  ditches, 
generally  crossing  them  at  intervals  of  100  to  200  yards.  The  irrigation 
conunences  at  the  highest  part  of  the  field.  Water  is  admitted  into  a 
number  of  furrows  at  the  same  time,  and  the  flow  is  checked  or  aided 
in  each  by  aii  attendant,  so  as  to  keep  progress  uniform  and  to 
accomplish  a  general  soaking  of  the  ground's  surface.  This  system  of 
irrigation  involves  much  labor  and  careful  watching.  It  is  relatively 
expensive.  Should  the  surface  of  the  ground  have  too  great  slope,  the 
plow  furrows  are  drawn  across  the  direction  of  greatest  slope  on  pre- 
determined grade  lines.  As  soon  as  irrigation  is  complete  the  furrows 
are  plowed  in,  so  that  they  may  not  interfere  with  farming  operations. 

Furrow  irrigation  of  permanent  cultures. — The  usual  method  of  irri- 
gating trees,  vines,  or  plants  set  out  in  rows  is  to  allow  water  to  flow 
between  the  rows  in  plow  furrows  or  small  ditches.  When  rows  are  for 
apart,  two  or  more  furrows  are  drawn  between  rows;  ordinarily,  how- 
ever, one  deep  furrow  between  each  two  rows  is  preferred.    The 
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direction  of  furrows  is  not  always  restricted  to  that  of  rows  of  trees, 
etc.,  bat  may  be  determined  by  other  considerations,  such  as  slope  of 
the  ground's  surface.  Small  ditches  surrounding  individual  trees  or 
plants  are  sometimes  connected  with  the  irrigation  furrows.  It  is 
better  to  prevent  the  water  from  standing  around  truni^s  of  trees,  but 
no  rigid  rule  can  be  laid  down;  the  spacing  of  irrigation  furrows  is 
governed  by  the  character  of  the  soil  to  be  irrigated,  and  is  determined 
firt  each  locality  by  experience. 

Water  is  usually  turned  into  a  number  of  the  irrigation  furrows  at 
the  same  time.  At  the  lower  end  it  may  be  received  into  a  drain  ditch 
which  carries  it  off  for  further  use.  The  time  required  for  irrigation 
from  each  furrow  is  somewhat  indefinite,  but  the  endeavor  is  always 
made  not  to  let  water  flow  longer  than  may  be  necessary  to  give  a 
reasonable  supply  to  the  soil.  The  several  furrows  are  generally  less 
than  300  feet  long.  Irrigation  progresses  from  highest  to  lowest  por- 
tion of  the  tract  to  be  irrigated.  This  method  of  irrigation  is  in  general 
use  without  regard  to  character  of  soil,  but  gives  particularly  good 
results  on  comparatively  heavy  soils  which  do  not  absorb  water  rapidly. 
When  soils  are  porous  and  take  water  from  the  ftirrows  freely,  the 
frirrows  are  kept  shorter  than  in  heavier  soils. 

Furrow  irrigation  in  level  checks. — When,  a  few  years  ago,  it  was 
feared  that  the  ravages  of  the  phylloxera  might  extend  into  the  vine- 
yards of  Fresno  County,  it  was  deemed  advisable  by  some  vineyardists 
to  set  out  all  vines  in  checks  which  could  be  completely  submerged. 
Fortunately  such  submersion,  to  combat  the  phylloxera,  has  never 
become  necessary.  But  the  preparation  of  the  ground  for  flooding  in 
checks  led  to  a  new  method  of  applying  water  to  the  land.  From  a 
supply  ditch,  water  is  admitted  itito  a  small  ditch  ux>on  one  side  of  each 
check,  and  from  this  small  ditch  it  enters  deep  horizontal  furrows 
which  have  been  drawn  between  each  two  rows  of  vines.  As  soon  as 
water  has  filled  all  the  furrows  irrigation  is  complete,  and  the  accumu- 
lated water  is  allowed  to  sink  into  the  ground.  Ko  drainage  is  com- 
bined with  this  method  of  applying  water. 

Furrow  irrigation  of  vegetables. —WheTe  irrigations  are  to  be  fre- 
quently repeated,  as  in  the  case  of  such  products  as  vegetables,  berries, 
etc.,  each  row  of  plants  is  generally  set  on  a  ridge  a  few  inches  to  a 
foot  in  height.  The  length  of  the  rows  is  varied  according  to  slope  of 
the  ground  in  their  direction.  The  depression  between  each  two  rows 
is  utilized  as  a  furrow,  which  generally  receives  very  little  or  no  fall 
from  end  to  end.  Water  is  supplied  to  one  end  of  a  set  of  such  parallel 
depressions,  and  rises  in  these  to  near  the  height  of  intervening  ridges. 
It  is  generally  allowed  to  soak  into  the  ground  without  drainage. 

Irrigation  by  filling  subsoils  tcith  water. — The  success  of  farming  with 
irrigation  in  the  Mussel  Slough  country  has  attracted  particular  atten- 
tion to  this  method  of  irrigation.    As  soon  as  water  was  introduced  in 
the  canal  systems  of  these  very  flat  lauds  of  the  Kings  Biver  delta,  it 
IBB.  17 ;j 
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vas  found  tbat  spots  (luite  remote  from  the  canals  and  ditcbes  became 
moiat,  and  that  it  vas  not  necessary,  as  in  other  jmrtioiis  of  the  valley, 
to  apply  water  to  the  sDrface  of  the  ground.  Thia  wetting  of  the  lands 
was  attributed  to  lateral  i>ercalation.  Soils  were  supposed  to  possess 
some  peculiar  projierty  which  facilitated  the  transmission  of  moisture 
horizontally,  and  it  took  a  number  of  years  to  make  clear  to  the  irri- 
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gators  what  actually  did  take  place.  The  soil  water  of  that  'rejnon 
before  the  construction  of  irrigation  canals  was  at  10  to  18  feet  below 
the  surface;  now  it  does  not  fall  below  8  feet.  It  is  kept  under  control 
by  regulation  of  the  supply  in  the  irrigation  ditches  and  by  a  natural 
subsurface  drninage,  which,  as  indlcuted  by  the  slope  of  the  ground- 
water plane,  may  be  into  Tulare  Lake. 
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This  system  of  irrigation  involves  but  little  more  than  the  introdac- 
tion  of  water  into  irrigating  ditches  in  the  spring,  when  the  supply  is 
most  abandant  in  river  and  canals.  Irrigating  ditches  for  this  parpose 
are  generally  constructed  about  an  eighth  of  a  mile  apart.  They  are 
either  permanent  or  only  temporary  features  of  the  irrigation  system. 
They  receive  a  very  light  grade,  in  order  that  they  may  be  maintained 
full,  with  water  flowing  sluggishly. 

The  water  sinking  from  main  canals  and  distributaries  and  from  the 
irrigating  ditches  causes  a  general  rise  of  the  ground  waters  to  within 
2  or  3  feet  of  the  surface.  This  occurs  late  in  April  or  early  in  May, 
and  as  soon  as  moisture  can  be  detected  in  the  low  spots  of  any  field 
its  irrigation  for  the  season  is  complete. 

Careful  inquiry  in  the  Kings  Biver  delta  established  the  fact  that 
before  1870 — that  is,  before  the  construction  of  irrigation  works  in  that 
section  of  the  valley — the  depth  to  ground  water  was  very  generally 
15  to  18  feet.  It  approached  to  within  10  feet  only  at  a  few  points 
nearest  the. valley  trough.  It  is  now  kept  fluctuating  between  the 
limits  already  indicated,  approaching  to  within  2  to  4  feet  of  the  sur- 
face in  spring  and  then  settling  down  to  about  8  feet  late  in  the  fall. 

Irrigation  by  this  method  can  not  be  restricted  to  particular  tracts 
of  land;  its  benefits  may  extend  far  beyond  any  individual  tract  to  be 
irrigated,  and  it  has  frequently  happened  that  lands  lying  between 
irrigated  farms  have  derived  the  full  benefit  of  irrigation  without 
contributing  to  its  cost. 

The  preparation  of  land  for  this  method  of  irrigation  is  inexpensive, 
the  only  necessary  cost  being  the  construction  of  the  small  ditches. 
Very  little  attendance  during  irrigation  is  required.  Alfalfa  lands  are 
sometimes  prepared  for  flooding  in  order  that  gophers  may  be  killed, 
when  necessary,  by  a  complete  submersion  of  the  cultivated  tracts. 

The  advantages  already  indicated  for  this  method  of  irrigation  are 
offset  by  a  decided  disadvantage.  The  rising  water  brings  to  the  sur- 
face alkaline  salts,  which  gradually  accumulate  and  may  render  unfit 
for  cultivation  soils  that  were  originally  entirely  free  irom  an  excess 
of  objectionable  saltt^.  Something  has  been  said  on  this  subject  in 
treating  of  irrigation  works  in  the  Mussel  Slough  country  (see  page  17). 

It  remains  to  be  added  that  the  rise  of  the  water  table  near  Fresno 
has  been  so  pronounced,  as  a  result  of  the  extension  of  the  irrigation 
systems,  that  many  of  the  tracts  which  were  originally  prepared  for 
irrigation  by  some  other  method  are  now  so  wet  that  they  are  in  need 
of  drainage.  On  many  others  the  application  of  water  to  the  surface 
has  ceased. 

SuMrrigation,  or  irrigation  from  subsurface  conduits. — This  method  of 
applying  water  to  land  has  not  been  so  satisfactory  as  was  hoped,  but, 
having  been  introduced  in  some  localities  on  a  large  scale,  it  should 
not  be  passed  without  notice. 
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The  intent  of  this  method  of  irrigation  is  to  supply  a  moderate 
quantity  of  water  directly  to  those  parts  of  the  soil  where  moisture  is 
needed  without  wetting  the  surface  of  the  ground.  Thereby  it  was 
hoped  to  economize  water,  to  greatly  simplify  its  control  and  distribu- 
tion, to  cheapen  irrigation,  and  to  avoid  baking  of  soil  and  the  necessity 
of  breaking  up  its  surface  after  eacli  application  of  water. 

Water  is  distributed  to  all  parts  of  the  land  to  be  irrigated  in  cement 
pipes,  from  which  it  escapes  through  perforated  plugs  of  wood*  It  is 
admitted  into  these  pipes  under  a  low  pressure,  sufficient  to  insure  the 
escape  of  some  water  even  in  the  highest  parts  of  the  land  to  be 
irrigated.  The  system  is  applicable  only  to  smooth-surfaced  tracts 
having  but  slight  slope. 

The  final  distributing  pipes  are  constructed  by  a  peculiar  machine. 
They  are  made  in  place  and  are  continuous.  The  diameter  of  their 
bore  is  2  inches.  At  intervals,  corresponding  to  the  distance  between 
trees  or  vines,  they  are  pertbrated  from  above,  and  a  wooden  plug  with 
a  hole  about  one-sixteenth  inch  in  diameter,  lengthwise  through  it,  is 
inserted  in  the  perforation.  This  plug  is  protected  by  means  of  a  hol- 
low cap,  or  earth  guard,  resting  loosely  upon  the  pipe  over  it.  The 
pipe  is  placed  20  inches  or  more  below  the  surface  of  the  ground,  so  as 
not  to  interfere  with  plowing,  cultivation,  etc.  Water  is  conducted 
to  the  2-inch  pipes — which  may  be  laid  between  each  two  rows  if  the 
rows  be  far  apart,  as  in  the  case  of  trees,  or  between  alternate  rows  if 
they  be  close  together,  as  in  the  case  of  vines — ^by  means  of  a  system 
of  6-inch  and  4:-inch  pipes,  which  in  turn  receive  water  from  a  main 
supply  pipe,  generally  about  8  inches  in  diameter.  At  all  points  where 
the  8-inch  and  6-inch  pipes  branch,  vertical  cylinders,  opened  at  the 
top — so-called  hydrants — are  introduced,  by  means  of  which  the  water 
may  be  shut  off  from  one  line  or  the  other  of  pipe.  This  is  aooom- 
plished  by  holding  the  inlet  pipe  higher  in  the  cylinder  than  the 
outgoing  pipe,  and  providing  a  seat  for  a  disk  to  be  inserted  between 
the  two. 

When  water  is  being  supplied  to  any  part  of  a  vineyard  or  orchard, 
it  will  escape  through  the  plugs  into  the  ground,  and  its  quantity  must 
be  sufficient  to  keep  the  stand  in  the  hydrants  everywhere  above  the 
highest  parts  of  the  2-iuch  pipe  system,  so  that  there  may  be  no  doubt 
that  water  is  escaping  from  every  plug  in  the  tract  under  irrigation. 

Under  favorable  conditions  it  will  cost  about  $50  per  acre  to  prepare 
ground  for  irrigation  by  this  method.  The  roots  of  trees  and  plants 
will,  notwithstanding  every  precaution  to  prevent  it,  find  their  way 
into  the  lipes  of  pipes  at  exposed  points,  and  may  in  time  seriously 
interfere  with  their  successful  use. 

Until  irrigators  are  required  to  be  very  much  more  economical  in  the 
use  of  wnter  for  irrigation  than  at  i)resent,  the  matter  of  expense  alone 
will  interfere  with  any  extended  use  of  this  system  of  irrigation. 
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KERN  RIVER. 

HYDROGRAPHY. 

Kern  River  is  the  roost  southerly  of  the  large  streams  descending 
from  the  slopes  of  the  Sierra  Nevada  into  San  Joaquin  Valley.  It 
breaks  through  an  outlying  spur  of  the  main  range  in  a  deep,  rocky 
gorge,  which  terminates  abruptly  about  10  miles  east  of  Bakersfield. 
For  a  distance  of  18  miles  f^om  the  canyon  mouth  the  river  flows  west- 
erly between  high,  gravelly  bluffs,  in  which  the  adjacent  rolling  lands 
and  mesas  terminate.  OccaHional  low,  level  tracts  border  it.  From 
between  the  flanking  hills  and  uplands  the  river  emerges  upon  the 
plains  of  San  Joaquin  Valley  just  northeast  of  Bakersfleld.  Thence 
the  main  stream  has  a  southwesterly  course,  flowing  in  a  shallow  bed 
300  to  800  feet  wide  nearly  20  miles,  to  a  point  within  a  few  miles  of 
the  trough  of  the  valley;  thence  southerly  into  Buena  Vista  Lake,  now 
used  as  a  reservoir  for  irrigation  purposes. 

Year  after  year  the  sandy  material  eroded  by  the  river  from  its 
mountain  watershed  has  been  deposited  in  San  Joaquin  Valley  below 
the  point  at  which  the  river  emerges  upon  the  plain.  New  channels 
have  been  constantly  forming  while  old  ones  were  being  obliterated, 
and  the  delta  region  thus  built  up  extends  20  to  25  miles  toward  the 
south  and  west,  terminating  in  a  great  semicircle  formed  by  Kern  and 
Buena  Vista  lakes  and  the  upper  portion  of  Buena  Vista  Swamp*  The 
central  portion  of  this  delta  is  generally  referred  to  as  Kern  Island. 
The  flow  of  water  in  many  of  the  delta  channels  is  now  under  control, 
and  they  are  classed  as  canals. 

Principal  among  these  delta  channels  are:  South  Fork,  or  Old  South 
Fork,  which  has  a  southerly  course  from  its  head,  about  2  miles  north- 
east of  Bakersfleld,  to  its  outfall  into  Kern  Lake;  Old  River,  which  has 
a  southwesterly  course  from  its  head,  about  a  mile  and  a  half  west  of 
Bakersfleld,  toward  a  point  between  Kern  and  Buena  Vista  lakes;  and 
Buena  Vista  Canal  Slough,  also  flowing  southwesterly,  which  leaves 
the  new  channel  of  Kern  River  about  2  miles  below  the  head  of  Old 
River.  Of  these  channels  South  Fork  was  the  mjiin  channel  of  the 
river  until  1862.  Old  River  then  became  the  main  water  way,  and 
remained  so  until  New  River  was  formed  by  the  freshets  of  1867-68. 

Kern  River  enters  San  Joaquin  Valley  with  a  total  mountain  drainage 
area  of  2,345  square  miles.  By  far  the  greatest  portion  of  the  region 
drained  lies  in  the  high  Sierra  Nevada.  Precipitation  in  the  highest 
portions  of  the  river's  drainage  basin  is  generally  in  the  form  of  snow. 
But  an  occasional  heavy  rain  falling  on  large  deposits  of  snow  causes 
-great  freshets,  generally  early  in  the  spring.  Ordinarily  the  river  is 
at  a  low  stage  from  September  to  January,  inclusive.  It  is  at  a  high 
stage  from  April  to  July,  and  at  a  medium  stage  in  February  and 
March,  and  in  August. 
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The  discharge  of  the  river  has  been  estimated  by  the  State  eDgiDeer- 
iog  department  for  the  six  years  I87S  to  1884.  According  to  the  results 
of  this  estimate,  which  is  based  on  many  measurements  and  an  imper- 
fect record  of  rise  and  fall  of  the  river,  tbe  average  amount  of  water 
supplied  by  Kern  River  was  aboat  430  second-feet  for  the  moottaa 
November  to  January  (inclusive);  800  second  feet  for  February  to 
April;  2,450  second-feet  for  May  to  July;  and  570  second-feet  for 
Angust  to  October.  The  average  annual  flow  of  the  river  for  that 
period  was  rated  at  1,110  aecoud-feet.'  The  discharge  of  the  river  as 
here  noted  refers  to  the  State  engineering  department  gaging  station. 
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about  3  miles  below  the  point  where  the  river  breaks  from  its  monntain 
gorge  and  enters  upon  its  course  across  porous  alluvial  deposits. 

Measurements  made  by  Mr.  A.  K.  Warren,  under  the  direction  of  Hr. 
Walter  James,  chief  engineer  of  the  Kern  County  Land  Oompaoy, 
show  the  facts  indicated  in  the  following  table  and  accompanying  dia- 
gram in  regard  to  the  discharge  of  Kern  Kiver  for  the  four  years  lh>in 
1894  to  1897.' 

'See  Phyaicil  Data  BDd  SUtlatica  ot  CalUornlB.  onUiwted  and  compUed  by  the  Stats  En^nrarins 
DeiwrtmsDt  of  CiUfornia,  SiKnuMDto,  lt»,  pp.  «10, 170-472, 4TB-4T7. 

'BulL  D.  S  G»l.  Eiirief  Ho.  140,  18M,  pp.  207-374.  For  furtlier  lararmMJon  canocimlDg  the  Bow  ot 
Esni  River  leo  TwelRb  Ann.  Kept.  U.  8.  Goal.  SoTTey.  Part  H,  1801,  p.  310,  PI.  LXXX :  BuU.  U.  S.  Geol. 
SiitTe;N«.131.Wtfi,p.T«i  EigbMeuth Aliii.Bept,D.S.O«oLSiirTey,f>nIT,lSn,p.tS0. 
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E$Hmaied  monthly  diselmrge  of  Kem  Bivor  mt  Baker$fleldf  CaHfomia. 

[Drainage  area,  2,315  square  milea.] 


Month. 


1803. 


Ootober... 
November 
December. 


18M. 


Jannary  •  •  • 
IPebmary .. 

March 

April 

May 

June 

July 

Anj^iat.... 
September. 

October 

November . 
December.. 


Per  annum. 


1805. 


January ... 
February . . 

March 

A|>ril 

May 

June 

July 

August.... 
September . 

October 

November . 
December. 


Per  annum.... 
1896. 


January . . 
February . 
March  .... 

April 

May 

June 

July 

August.... 
September 
October.... 
November , 
December. 


Per  annum. 


1807. 


January... 
February.. 

March 

April 

May 

June 

July 

August 

September 
October — 
November . 
December. 


Per  annum. 


Discharge. 

Total. 

Bun-off. 

Per 

Maximum. 

Minimum. 

Mean. 

Depth. 

square 
mile. 

Seeond/eet. 

Seeond-feet. 

8ec,-feet. 

Aen-fMt,  " 

Inehf. 

Set.'feft. 

554 

517 

534 

32, 861 

0.26 

0.23 

559 

467 

518 

80,827 

.24 

.22 

590 

430 

616 

31,767 

.26 

.22 

741 

762 

661 

40,644 

.32 

.28 

1,114 

604 

717 

39,817 

.32 

.30 

1,443 

762 

1,001 

61,541 

.65 

.43 

1,892 

1,200 

1.495 

88.052 

.71 

.64 

2,208 

1,228 

1,607 

98,798 

.79 

.60 

1,719 

871 

1,085 

64,557 

.51 

.46 

1.051 

400 

700 

43,036 

.34 

.30 

549 

256 

335 

20,565 

.16 

.14 

382 

172 

248 

14,756 

.12 

.11 

363 

224 

279 

17. 178 

.14 

.12 

268 

230 

244 

14,500 

.11 

.10 

805 

234 

470 

28,908 

.23 

.20 

2,208 

172 

737 

533,252 

4.40 

.31 

1,616 

473 

809 

40,762 

.40 

.34 

4,762 

676 

1,252 

60,536 

.55 

.53 

3,004 

987 

1,374 

84,437 

.67 

.50 

3.897 

1,911 

2,724 

162,076 

1.20 

1.16 

5,384 

3,100 

4,369 

268,608 

2.14 

1.86 

3,721 

2,174 

2,906 

172,010 

1.37 

1.24 

2,U6:{ 

867 

1.482 

01.113 

.73 

.63 

1.073 

354 

629 

38,665 

.31 

.27 

676 

290 

344 

20,469 

.17 

.15 

612 

276 

827 

20.106 

.16 

.14 

436 

308 

846 

20  588 

.17 

0.15 

447 

368 

403 

24,779 

..20 

.17 

5,384 

276 

1.418 

1.023.058 

8.16 

.60 

8,101 

877 

747 

45,081 

.37 

.32 

798 

569 

617 

35,480 

.28 

.26 

2,080 

652 

051 

58,475 

.47 

.41 

1,262 

766 

072 

57,838 

.46 

.41 

8.370 

034 

1,401 

86,144 

.69 

.60 

8,611 

1.844 

2,476 

146. 142 

1.17 

1.05 

2,210 

741 

1,846 

82,762 

.66 

.57 

741 

353 

486 

20,883 

.24 

.21 

473 

284 

304 

18,080 

.14 

.13 

425 

223 

267 

16. 417 

.13 

.11 

416 

288 

355 

21.124 

.17 

.15 

426 

313 

347 

21. 336 

.17 

.16 

3,611 

223 

854 

610,630 

4.06 

.36 

832 

350 



373 

22.036 

.18 

.16 

2,306 

'     516 

809 

44,030 

.36 

.35 

2,044 

688 

923 

66,763 

.45 

.30 

4,410 

1,004 

2,914 

173,895 

1.38 

1.24 

5,342 

4,054 

4,580 

281, 613 

2.25 

1.05 

4,352 

1,289 

2,308 

137.395 

1.00 

.08 

1.536 

644 

1,006 

61,857 

.40 

.43 

671 

338 

469 

28.838 

.23 

.20 

363 

260 

295 

17.554 

.14 

.18 

441 

278 

340 

20,006 

.17 

.15 

447 

289 

B55 

21,124 

.17 

.15 

1,023 

327 

422 

25,948 

.21 

.18 

5,342 

260 

1,234 

803,248 

7.12 

.53 

1894.  Maximum  discharge,  May,  2,208  secoDfl-feet ;  minimum  discharge,  September, 
172  second-feet;  average  for  the  year,  737  second-feet. 
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1895.  Maximam,  May,  5,384  second-feet;  minimam,  October,  276  second-feet; 
average  for  the  year,  1,413  second-feet. 

1896.  Maximum,  June,  3,611  second-feet;  minimum,  October,  223  second-feet; 
average  for  the  year,  854  second-feet. 

1897.  Maximum,  May,  5,342  second-feet;  minimnm,  September,  260  second-feet; 
average  for  the  year,  1,234  second-feet. 

The  gaging  station  of  the  State  engineering  department  was  located 
on  the  Kio  Bravo  Ranch,  aboat  3  miles  below  the  termination  of  the 
river's  granite  canyon,  a  short  distance  below  the  point  where  in  1879 
the  material  of  which  the  river  bed  was  composed  changed  in  character 
frofti  bowlders  and  cobbles  to  gravel  and  sand.  The  several  measure- 
ments  made  subsequent  to  that  time,  and  until  the  close  of  the  work  of 
the  State  engineering  department,  showed  a  gradual  erosion  of  the  river 
bed,  resulting  in  a  downstream  movement  of  the  upper  end  of  the  gravel 
and  sand  bars,  which  led  to  inquiry  concerning  conditions  in  preceding 
years  and  to  the  conlusions  that  a  few  years  subsequent  to  the  great 
freshet  of  1861-^2  the  sand  and  gravel  bars  were  at  a  much  higher  level 
than  in  1879;  that  erosion  had  continued  from  year  to  year,  though  at 
a  somewhat  irregular  rate,  until  1884  and  was'  then  still  in  progress; 
that  the  aggregate  erosion  during  the  five  years  covered  by  observa- 
tions was  5.3  feet,  and  that  at  some  time  preceding  the  freshet  of 
1861-62  the  river  had  for  a  long  period  occupied  a  bed  fnlly  as  low  as 
that  of  1883.  A  row  of  trees  planted  at  the  waticr's  edge  at  a  mean 
stage  of  the  river  about  1868,  and  now  well  above  the  reach  of  the 
water,  has  been  pointed  to  as  evidence  of  a  former  higher  position  of 
the  river  bed.  On  the  other  hand,  deep,  well-worn  depressions  made 
by  the  Indians  in  grinding  food  materials  in  the  tops  of  great  granite 
bowlders,  barely  projecting  above  the  low-water  stage  of  the  river  in 
1883,  gave  evidence  of  a  i^receding  protracted  low  position  of  the  river 
bed.  It  seems  reasonable  to  expect,  therefore,  that  other  great  freshets 
may  again  temporarily  fill  the  river  bed  with  sand  and  gravel,  and 
that  in  years  of  ordinary  flow,  such  as  the  entire  series  of  seasons 
since  1867-68,  the  river  will  have  a  tendency  to  continue  its  erosive 
action. 

Due  allowance  for  the  changes  in  actual  elevation  of  the  river  bot- 
tom were,  of  course,  made  in  interpreting  results  at  the  gaging  station. 

The  original  course  of  Kern  River  waters,  westerly  and  southerly 
across  its  delta,  widely  dispersed  in  numerous  channels,  has  by  natural 
agencies,  aided  by  the  operations  of  man,  been  modified  to  the  extent 
that  now  at  high  stages  all  water  in  excess  of  the  capacity  of  the 
irrigating  ditches  and  canals  is  kept  under  reasonable  control  in  one 
main  channel  having  a  direct  southwesterly  course  toward  Buena  Yista 
Lake. 

Buena  Yista  Lake  has  been  shut  off  at  the  east  from  its  connection 
with  Kern  Lake  by  means  of  a  high  levee,  which  has  a  north-south 
course,  following  the  line  between  Ks.  25  and  26  E.  for  a  distance  of 
over  5  miles. 
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Thus  Kem  River  water  is  prevented  from  reaching  Kern  Lake,  the 
bed  of  which  is  now  dry,  arable  land,  and  Buena  Yista  Lake  is  con- 
verted into  a  large  reservoir,  the  capacity  of  which  is  said  to  be  about 
150,000  acre- feet.  From  the  northwestern  margin  of  Buena  Vista  Lake 
an  outlet  canal  leads  into  Buena  Yista  Slough  and  thence  to  canals 
proper  of  the  Kern  Valley  Water  Company,  of  which  the  westernmost 
one,  located  near  the  western  margin  of  Buena  Vista  Swamp,  has  been 
planned  large  enough  to  afford  passage  for  the  outflow  waters  from  the 
lake  when  the  reservoir  is  full  and  the  river  is  high.  This  canal,  there- 
fore, for  a  long  distance  takes  the  place  of  Buena  Vista  Swamp,  which 
was  the  original  water  way,  conducting  the  outflow  from  Buena  Vista 
Lake  into  Tulare  Lake.  The  three  lakes  which  have  been  or  are  the 
recipients  of  water  from  Kern  Eiver  are  very  flat  depressions,  without 
well-defined  banks.  The  beds  of  Kern  and  Buena  Vista  lakes  are  at 
an  elevation  of  aboat  285  feet  above  sea  level;  the  bed  of  Tulare  Lake 
is  at  an  elevation  qf  about  175  feet.  The  area  covered  by  Kern  and 
Buena  Vista  lakes  combined  (before  the  spread  of  water  was  restricted 
artificially)  was  about  80  square  miles  when  the  lakes  were  full,  at 
which  stage  the  maximum  depth  of  water  in  either  did  not  probably 
exceed  14  feet.  The  area  of  Tulare  Lake  fluctuates  between  195  and 
760  square  miles,  but  the  lake  water  has  not  spread  to  the  extreme  limit 
of  the  full  lake  since  1808. 

The  lands  of  the  east  side  of  the  San  Joaquin  Valley  plain,  com- 
manded by  the  Kem  Biver  canals,  are  very  smooth  surfaced.  '  Those 
of  the  river  delta  slope  uniformly  toward  the  west  and  south  at  the 
rate  of  6  to  7  feet  to  the  mile.  The  only  surface  inequalities  on  Kern 
Island  are  due  to  the  land-building  tendency  of  the  river,  which  has 
left  broad,  low  ridges  of  sand  to  mark  the  alignment  of  channels  of 
former  epochs  in  its  history.  On  the  north  side  of  Kern  River  the  delta 
lands  merge  almost  imperceptibly  into  the  granitic  sandy  lands  of  the 
general  valley  plain,  and  the  gentle  westerly  slope  from  the  base  of 
the  foothills  of  the  Sierra  Kevada  is  almost  unbroken  to  Buena  Vista 
Swamp. 

SOILS   AND   RAINFALL. 

Near  the  base  of  the  foothill  belt,  northward  as  well  as  southward 
from  the  river,  the  soil  is  a  coarse  granitic  sandy  loam,  showing  an 
occasional  growth  of  cactus,  and  rather  forbidding  in  appearance,  yet 
very  productive  with  water.  To  the  southeast  of  Kern  Lake  a  large 
area  of  fine  sandy  loam,  known  as  the  Weed  Patch,  marks  the  sink  of 
Oaliente  Creek.  The  soils  of  the  eastern  portion  of  Kern  River  delta 
are  generally  loams,  ranging  from  those  rich  in  clay,  to  soils  of  a  peaty 
character  and  to  soils  of  almost  pure  sand.  Different  kinds  of  soil  are 
here  frequently  found  close  together,  and  it  is  often  remarked  that 
probably  no  single  square  mile  of  land  could  be  found  whose  soil  would 
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not  have  to  be  pat  into  several  classes*  Toward  the  south  and  west 
on  Kern  Island  the  soil  becomes  heavier,  and  near  the  high- water  line  of 
the  lakes  it  is  strongly  impregnated  with  alkali.  It  has  a  peaty  char- 
acter in  the  swamp-land  areas  adjacent  to  the  lakes,  also  northwestward 
from  Buena  Yista  Lake  throughout  the  broad  tract  known  as  Buena 
Yista  Swamp,  which  extends  about  40  miles  northwesterly  toward 
Tulare  Lake.  These  swamp  lands  were  originally  covered  with  a  dense 
growth  of  reeds — '^  tules.^'  Their  soil  is  generally  a  light  black  vege- 
table loam  or  mold,  underlain  by  a  dark-colored  clay.  Eastward  from 
these  swamp  lands,  which  mark  the  trough  of  San  Joaquin  Valley,  is  a 
long  parallel  strip  of  alkali  land  of  inferior  quality,  which  lies  to  the 
west  of  a  narrow  strip  of  fertile  land  flanking  the  Goose  Lake  Slough 
channel.  Farther  eastward  are  the  sandy  loams  and  coarse  granitic 
soils  of  the  main  east-side  plain.  These  generally  have  a  substratum 
of  dry,  line  yellow  clay,  sometimes  of  sufficient  hardness  to  be  called 
hardpan.    This  is  usually  found  at  a  depth  of  3  or  4  feet. 

The  sontheru  or  upper  end  of  San  Joaquin  Valley,  in  which  lie  the 
lands  commanded  by  the  Kern  River  waters,  is  a  region  of  very  light 
rainfall.  The  annual  average  fall  is  about  5  inches.  Profitable  cultivar 
tion  of  the  soil  without  the  aid  of  other  water  to  supplement  the  scant 
rainfall  is  not  possible. 

Kern  Eiver  water  is  used  to  a  small  extent  for  irrigation  in  the 
valley  of  South  Fork  far  up  in  the  mountains,  also  for  the  irrigation  of 
relatively  small  areas  of  bank  and  mesa  lands  within  th^  foothill  sec- 
tion of  the  river's  course;  but  the  region  of  principal  use  is  the  river 
delta  and  a  broad  expanse  of  country  extending  far  northward  from 
the  river  and  lying  below  the  base  line  of  the  foothills. 

CANALS  AND  DITCHES. 

Rio  Bravo  Ranch  canaU, — Kern  River  crosses  the  foothill  belt  in  a 
valley,  generally  one-half  mile  to  a  mile  in  width,  with  occasional 
strips  of  bottom  land  on  one  bank  or  the  other.  These  are  frequently 
backed  by  higher  terraces  or  mesas  with  rich,  black  loamy  soil,  beyond 
which  the  hills  rise  in  irregular  disconnected  ranges.  The  Rio  Bravo 
Ranch  lies  just  below  the  point  where  the  river  breaks  out  of  its  canyoiu 
Several  small  ditches  have  here  been  built  for  local  irrigation.  A  water- 
wheel  was  first  made  use  of.  It  was  constructed  in  1879  by  Mr.  John 
Barker,  and  was  intended  to  lift  water  28  feet.  The  wheel  is  reported 
to  have  delivered  the  quantity  of  water  expected,  but  the  land  required 
more  than  was  anticipated;  consequently  the  wheel  was  soon  abandoned 
as  a  source  of  supply,  and  a  direct  diversion  into  a  ditch  constructed 
along  the  base  of  a  high  bluif  on  the  south  side  of  the  river  was 
resorted  to.  The  river,  however,  for  a  series  of  years  was  there  deep- 
ening its  channel,  rendering  necessary  frequent  extensions  of  the  head 
of  the  ditch  upstream,  and  making  ditch  maintenance  expensive.  Its 
cost  has  probably  been  somewhat  in  excess  of  IS^OOO. 
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the  successor  in  interest  of  the  reclamation  district  that  had  already 
been  formed.  The  canal  company  was  therefore  formed  with  the 
avowed  purpose  of  protecting  from  oveirflow  and  of  supplying  with 
wat-er  for  agricultural,  domestic,  and  manufacturing  purposes  a  terri- 
tory of  about  120,000  acres.  The  Kern  Island  Canal  Company  acquired 
the  ditch  and  water  rights  of  Messrs.  Livermore  and  Chester,  as  well 
as  sdkne  of  the  other  private  rights  vested  or  supposed  to  be  vested  in 
some  of  the  settlers  on  South  Fork.  The  construction  of  the  ^^Mill" 
section  of  the  Kern  Island  Canal  was  at  once  commenced,  and  extended 
southward  about  2  miles,  part  of  the  distance  following  J;he  alignment 
of  the  Arujo  Ditch.  Above  this  section  of  the  canal  the  South  Fork 
channel  was  enlarged,  and  some  systematic  effort  was  made  to  keep 
up  the  supply  of  water  from  the  river.  For  the  settlers  on  South 
Fork,  who  had  not  transferred  their  rights  to  the  canal  company, 
water  was  turned  down  that  channel  free  of  expense.  About  1877  the 
upper  portion  of  the  South  Fork  channel  was  entirely  abandoned, 
being  replaced  by  a  canal  at  higher  level — an  extension  of  the  Liver- 
moreChester  Ditch,  located  between  the  old  water  way  and  the  base 
of  the  bluff  south  of  the  river.  This  new  canal  section  was  extended 
to  the  head  of  the  ''Mill''  section,  where  water  was  dropped  about  6 
feet  to  the  original  level  of  that  canal  branch.  Meanwhile  the  various 
branches  of  the  Kern  Island  Canal  had  been  extended  southward  as 
demand  for  water  increased,  and  had  reached  the  vicinity  of  Kern 
Lake.  In  1875  the  Kern  Island  Canal  Company  was  granted  Iran- 
chises'for  the  distribution  of  water  in  BakersAeld,  where  actual  delivery 
of  water  through  its  ditch  system  commenced  in  May,  1875. 

At  the  time  of  the  formation  of  the  Kern  Island  Canal  Company  the 
swamp  lands  to  be  protected  by  it  against  inundation  were  already 
considered  safe,  their  reclamation  in  the  sense  of  preventing  overflow 
being  regarded  as  complete.  It  was  claimed,  however,  that  the  State 
had  no  right  to  appropriate  the  money  to  the  credit  of  this  land  in  the 
swamp-land  fund  to  any  other  purx)Ose  than  its  reclamation,  and  that 
reclamation  should  be  construed  to  mean  the  making  of  the  land  pro- 
ductive. The  canal  company  therefore  demanded  and  received  from 
the  State  the  money  to  the  credit  of  the  lands  in  question  as  a  contri- 
bution toward  the  cost  of  the  irrigation  system.  The  amount  of  money 
thus  contributed  by  the  State  was  between  $12,000  and  $14,000. 

The  method  of  constructing  the  main  branch  of  the  Kern  Island 
Canal,  which  extends  from  a  point  on  South  Fork  about  a  mile  soutb  of 
Bakersfield  southerly  to  Kern  Lake,  is  not  without  interest.  A  5foot 
plow  drawn  by  40  yoke  of  oxen  was  used  in  breaking  ground  for 
this  canal.  The  loosened  earth  was  then  spread  to  right  and  left  by 
means  of  a  V-sbaped  scraper,  also  of  monstrous  proportions,  being 
some  30  feet  long  and  12  to  15  feet  wide.  As  soon  as  sufficient  water 
way  was  thus  created  to  afford  some  erosive  effect,  water  was  tamed 
into  the  partial  excavation  and  it  rapidly  cut  out  an  ample  water  way. 
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The  excessive  grade,  6  to  7  feet  to  the  mile,  of  the  finished  canal  soon 
caused  the  ero»ion  to  extend  beyond  desirable  limits  and  threatened 
disastrous  resnlts  by  persistent  encroachment  on  the  canal  banks.  It 
therefore  became  necessary  to  reduce  the  gradient  of  the  canal  by 
means  of  check  weirs  or  drops  (as  shown  in  PI.  X,  A),  which  were 
placed  one-half  mile  apart.  These  check  weirs  were  constructed 
according  to  designs  proposed  by  Mr.  F.  U.  Coltou,  at  that  time  super- 
intendent in  charge  of  the  canal,  and  although  very  simple  in  arrange- 
ment, they  proved  to  be  efficient  and  satisfactory.  Weir  boards, 
generally  of  1  inch  material,  were  supported  by  inclined  rafbers,  usually 
4  by  6  inches.  The  rafters  were  placed  at  such  angle,  preferably 
flatter  than  45^,  as  would  best  tit  the  spacing  of  the  vertical  posts 
supporting  the  sides  of  the  weir  box.  The  rafters  transmitted  water 
pressure  by  means  of  inclined  supports,  4  inches  square,  to  the  floor 
timbers.  The  rafters  were  toed  into  the  sill  at  the  upper  edge  of  the 
floor  of  the  weir  box.    The  floor  itself  was  constructed  of  1-inch 
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material  nailed  to  sills  of  4  by  6  inch  timber,  4  feet  apart,  which  in 
turn  rested  upon  mud  sills,  also  about  4  feet  apart.  The  floor  of  the 
weir  box  was  placed  1^  feet  below  the  downstream- grade  height  of  the 
canal  bottom,  and  light  sheeting  was  driven  along  the  upper  and  lower 
edges  of  the  floor  to  depths  varying,  according  to  character  of  soil, 
from  1^  to  4  feet.  Wings  were  carried  into  the  canal  banks  at  right 
angles  to  the  direction  of  the  canal*  They  were  supported  in  part  by 
upright  posts,  in  part  by  timbers  across  the  top  of  the  structure,  which 
at  both  ends  were  allowed  to  project  well  into  the  bank.  The  length 
of  the  wings  varied  according  to  depth  of  canal.  Weir  boards  were 
permanently  nailed  to  the  rafters  to  the  height  of  the  grade  of  canal 
bottom  above  the  structure.  All  other  weir  boards  were  loose  and 
could  readily  be  moved  by  hand.  Spaces  between  rafters  were  usually 
4  feet.  A  plank  across  the  structure,  supported  by  the  ends  of  the 
rafters,  made  a  convenient  footbridge  and  afforded  access  to  the  sev- 
eral sections  of  the  weir.  The  cost  of  these  check  weirs  on  the  Kern 
Island  Canal  is  reported  to  have  been  about  $200  each. 

The  canal  head  gate  is  constructed  on  substantially  the  same  plan. 
It  has  a  clear  width  of  48  feet.  A  waste  gate  has  been  placed  in  the 
right  bank  of  the  canal  just  above  the  head  gate. 

The  diversion  of  water  from  the  river  into  the  canal  is  accomplished 
by  an  inexpensive  extension  of  the  right-bank  canal  levee  upstream 
for  nearly  half  a  mile,  and  its  projection  in  the  form  of  a  very  low  sand- 
and-brush  dam  diagonally  across  the  southern  portion  of  the  very  flat, 
sandy  river  bed. 

The  aggregate  cost  of  the  Kern  Island  canal  system  has  been  about 
$200,000. 

The  canal  has  a  right  to  300  second-feet  of  water,  conceded  to  it  by 
riparian  owners,  and  taking  precedence  over  all  other  diversions.  Its 
capacity  is  reported  to  be  500  second-fe^t. 
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Old  8(tuth  Fork. — The  delta  stream  of  Kem  Biver  koowu  as  Soath 
Fork  supplied  water  to  a  few  settlerii  some  years  before  the  constrac- 
tjon  of  the  Kern  Islaod  Canal  was  thought  of.  When  Colonel  Baker, 
in  1864,  nndertook  the  construction  of  a  levee  for  protection  against 
overflow,  a  gate  was  put  into  the  Soath  Fork  channel  for  the  control  of 
its  flow  of  water.  The  freshets  of  X8fi7-68,  which  produced  marked 
changes  in  the  character  and  aligumeut  of  the  main  channel  of  Kem 
Biver,  filled  the  head  of  South  Fork  with  sand.  Organized  effort  was 
necessary  to  reestablish  a  conuection  of  the  upper  end  of  the  South 
Fork  channel  with  the  river.  It  is  reported  that  firom  thirty  to  forty 
persons  coutributed  time  and  labor  to  this  work,  the  result  of  which 
was  not,  however,  entirely  satisfactory.  The  river  channel  had  been 
deepened;  the  new  cat  to  the  river  was  nearly  half  a  mile  below  the 
original  head  of  South  Fork,  aud  great  difficulty  was  esperieDced  in 


mfuntaining  an  artificial  barrier  at  the  head  of  the  new  channel  to  torn 
river  water  into  it.  This  dilticully  led  to  the  construction  of  the  lAvet- 
more-Ghester  Ditch,  as  already  explained,  and  for  a  number  of  years 
the  supply  of  water  to  South  Forlc  was  through  this  ditch.  About  1877 
the  use  of  the  upper  portions  of  South  Fork  was  abandoned  by  the 
Eem  Island  Canal  Company,  and  the  delivery  of  water  by  this  company 
to  the  irrigators  &om  Sonth  Fork  ceased.  The  users  of  water  th>m 
South  Fork  aud  from  Panama  Slough  resumed  control  of  Its  head 
works,  and  have  since  maintitined  this  channel  as  au  independent  irri- 
gation ditch.  A  new  connection  with  the  river  was  established  near 
the  original  head  of  South  Fork,  and  with  more  or  less  trouble  it  has 
been  kept  in  efficient  service.  The  management  was  almost  without 
system,  and  corporate  organization  of  the  owners  vas  not  effected 
aDtill885, 
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Through  the  upper  portion  of  South  Fork  water  can  be  supplied 
to  the  lower  levels  of  the  Kern  Island  Canal ;  Panama  Slough  is  fed 
with  water  from  South  Fork,  and  as  the  lower  portion  of  Panama 
Slough  is  used  as  a  water  way  by  tbe  Farmers'  Canal,  there  is  such 
interdependence  between  these  several  canals,  complicated  by  the  fact 
that  many  irrigators  hold  rights  to  water  from  two  or  more  of  them, 
that  segregation  of  areas  dependent  upon  any  one  of  them  is  out  of  the  * 
question. 

The  principal  distributaries  of  South  Fork  water  are  the  Jewett 
Ditch,  the  Cotton  Eanch  Ditch,  and  smaller  ditches  of  landowners  in 
the  immediate  vicinity  of  Bakersfield.  The  capacity  of  South  Fork  is 
generally  stated  at  50  to  75  second-feet,  and  the  amount  annually 
expended  for  maintenance  is  about  $1,250.  The  first  cost  of  the  irriga- 
tion works  can  be  stated  only  approximately.  It  is  likely  that  $3,000 
to  $4,000  have  been  expended  on  construction  work. 

Farmers  Canal. — In  1873  a  canal  about  50  feet  wide  and  3  feet  deep 
was  excavated  from  a  point  on  the  south  bank  of  Kern  Kiver  just  above 
the  Southern  Pacific  Railroad,  in  a  southeasterly  direction,  to  a  con- 
nection with  a  natural  channel  known  as  Cotton  Kauch  Slough  or 
Skyles  Slough.  This  canal  is  known  as  the  Farmers  Canal.  Its  water, 
delivered  into  Cotton  Eanch  Slough,  flows  therein  1}  miles  to  Panama 
Slough,  and  is  distributed  by  a  number  of  small  branch  ditches 
throughout  the  central  and  southern  portions  of  Kern  Island.  The 
canal  prox>er  is  only  about  a  mile  in  length.  It  has  recently  become 
of  considerable  importance  as  a  source  of  supply  for  the  Stine  and 
Anderson  canals,  which  formerly  received  their  full  supply  directly 
from  Kern  Eiver  at  the  head  of  Old  Eiver,  about  3  miles  west  of 
Bakersfield. 

In  1880  Messrs.  Celsus  Brower  and  Walter  James  estimated  the  total 
cost  of  construction  of  this  canal  and  its  branches  at  $18,800. 

Pajiama  Slough. — Panama  Slough  hardly  deserves  separate  enumera- 
tion among  the  irrigation  works  from  Kern  Eiver,  because  it  is  now 
supplied  with  water  through  the  head  of  South  Fork.  It  was,  how- 
ever, in  use  as  an  independent  source  of  supply  before  permanent 
connection  between  it  and  the  South  Fork  channel  was  established  by 
the  freshets  of  1867-68.  Irrigators  dependent  upon  the  flow  of  water 
in  Panama  Slough  united  with  those  on  South  Fork  in  1868,  when  it 
became  necessary  to  reestablish  a  connection  of  these  streams  with  the 
main  channel  of  the  river.  All  of  that  portion  of  Panama  Slough 
below  Bakersfield  is  used  jointly  by  the  irrigators  who  depend  upon 
the  Farmers  Canal  for  their  supply  and  by  those  who  hold  rights  as 
original  users  of  water  from  the  slough  itself. 

The  principal  distributary  of  the  Panama  Slough  water  is  the  Panama 
Ditch,  the  cost  of  which  Mr.  Celsus  Brower  in  1880  reported  as  having 
probably  exceeded  $6,000.  The  main  distributing  ditch  and  branches 
were  then  reported  to  have  an  aggregate  length  of  8  miles.  Its  width 
was  given  as  10  feet  and  its  depth  of  channel  as  2  feet. 
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Castro  Ditch, — A  comparatively  unimportant  irrigation  ditch  which 
for  many  years  diverted  water  from  the  south  banks  of  Kern  Biver  at 
the  head  of  Old  Kiver  is  known  as  the  ^* Castro"  or  ^'Mexican"  Ditch. 
It  is  reported  to  have  been  in  use  as  early  as  1859,  at  that  time  supply- 
ing water  to  tbe  lands  of  a  few  Mexican  settlers.  This  ditch  is  about 
16  feet  wide,  2  feet  deep  at  its  head,  and  about  5  miles  long.  Its 
capacity  is  generally  rated  at  about  15  to  20  second-feet,  and  there  may 
have  been  expended  upon  it  from  $2,000  to  $3,000.  The  head  works 
of  the  canal,  or  rather  the  point  of  diversion  from  the  river,  has  within 
the  last  few  years  been  extended  upstream  about  a  quarter  of  a  mile 
from  the  original  intake. 

Fisher  &  Abley  Ditch. — About  1869  a  small  ditch  known  as  the 
Fisher  &  Abley  Ditch  was  construct'Mi,  paralleling  the  Castro  Ditch, 
and  delivering  wat^r  into  Beeder  Slough,  thence  into  Panama  Slough, 
from  which  it  was  again  diverted,  a  few  miles  below,  for  use  upon 
several  small  fai-ms.  That  portion  of  the  ditch  above  Reeder  Slough 
has  been  abandoned  and  the  lower  portion  has  become  dependent  upon 
the  Farmers  Canal  for  its  supply  of  water. 

Stifie  Canal. — This  name  has  been  applied  to  portions  of  Old  Biver 
and  several  distributing  canals  since  1873.  In  that  year  the  settlers 
along  this  river  channel  united  in  the  construction  of  a  weir  about  175 
feet  long  across  the  head  of  Old  Biver,  and  two  main  branches  of  the 
canal  were  subsequently  diverted  from  this  stream.  The  first  one  of 
these,  in  order  downstream,  is  known  as  tbe  Call  Branch,  or  Branch 
No.  1.  It  has  its  head  about  three-quarters  of  a  mile  below  the  head 
of  Old  Biver,  is  20  feet  wide  for  about  a  mile,  then  30  feet  wide,  gradu- 
ally contracting  again  to  25  feet.  The  original  depth  was  intended  to 
be  3  feet,  but  the  channel  was  made  somewhat  deeper.  One  of  its 
branches  connects  with  a  branch  of  the  Kern  Island  Canal.  Branch 
No.  2  of  the  Stine  Canal  is  diverted  from  Old  Biver  about  5  miles  below 
its  head.  It  is  about  6  miles  long.  The  diversion  of  water  from  the 
channel  of  Old  Biver  into  these  branches  is  accomplished  by  meann  of 
weirs  or  regulating  gates  that  serve  to  control  water  elevation. 

The  water  passing  the  head  of  Branch  No.  2  flows  on  toward  the 
lakes  and  is  occasionally  used  for  wild  flooding  of  grass  lands.  Beoently 
the  diversion  of  water  for  the  Stine  Canal  was  made  through  the  head  of 
the  Farmers  Canal  and  delivered  to  the  former  through  a  canal  section 
called  the  extension  of  tbe  Stine  and  Anderson  canals.  The  capacity 
of  the  Stine  Canal  is  claimed  to  be  about  200  second-feet. 

The  cost  of  the  works,  including  repairs,  was  estimated  for  the  prin- 
cipal owners  in  1880  at  $87,000.  This  does  not  include  the  extension 
to  the  Farmers  Canal,  which  was  made  subsequent  to  that  time. 

Anderson  Canal, — This  canal,  which  is  also  called  the'^^  Baker  &  Noble 
Canal,''  was  constructed,  in  part,  at  least,  in  1872.  The  diversion  of 
water  for  it  was  originally  made  from  the  south  bank  of  New  Kern 
Biver,  about  one-quarter  of  a  mile  below  the  head  of  Old  Biver;  bat  as 
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ownership  of.  a  number  of  canals  became  centered  in  the  same  group  of 
owners,  it  was  thought  desirable  to  establish  common  head  works  for  this 
canal  together  with  the  Stiue  and  Castro  canals,  at  the  head  of  Old  Biver. 
It  was  therefore  extended  to  this  point,  and  for  many  years  one  system 
of  works  served  to  divert  water  for  all  three  of  these  canals.  Within 
the  last  few  years  a  further  consolidation  of  canal  head  works  has  been 
effected,  and  the  water  for  the  Stine  and  Anderson  canals  is  now 
diverted  from  the  river  through  the  upper  section  of  the  Farmers' 
Canal,  as  already  explained.  The  Bellevue  property,  one  of  the  many 
possessions  of  the  Kern  County  Land  Company  (J.  B.  Haggin,  princi- 
cipal  owner),  is  the  locality  where  the  water  of  the  Anderson  Canal  is 
used. 

Gates  Canal. — ^This  canal  is  reported  to  have  been  constructed  in 
1872  and  1873.  It  was  enlarged  in  1874  from  a  bed  width  of  9  feet  to 
12  feet.  Its  water  is  used  only  on  the  Bellevue  Eanch.  Its  diversion 
is  made  about  three-quarters  of  a  mile  below  the  head  of  Old  Eiver. 
It  is  only  2  to  3  miles  long,  and  its  capacity  is  30  to  40  second-feet. 

Buena  Vista  Canal. — This  name  has  been  given  to  one  of  the  delta 
channels  of  Kern  River,  together  with  its  system  of  distributary  ditches. 
The  iiataral  water  course  referred  to  broke  out  from  the  south  bank  of 
Kern  Eiver  about  2  miles  below  Old  Eiver.  It  was  provided  with  a 
head  gate  26  feet  wide  in  1870,  and  a  new  connection  with  the  river 
was  established.  For  some  years  thereafber  the  settlers  along  this 
slough,  which  had  a  southerly  course,  and  along  its  main  branch.  But- 
ton Willow  Slough,  made  use  of  the  water  thus  admitted  under  control, 
for  irrigation  purposes.  Diversion  from  the  sloughs  was  effected  by 
means  of  temporary  brush  dams.  In  1875  the  canal  proper  was  con- 
structed. The  slough  was  permanently  closed  about  a  mile  below  its 
head,  and  its  lower  section  was  replaced  by  the  artificial  channel  of 
Buena  Vista  Canal.  The  capacity  of  the  canal  is  probably  between 
100  and  150  second-feet.  The  cost  of  works  and  repairs  to  1880  was 
estimated  for  the  owners  by  Mr.  W.  E.  Macmurdo  at  $26,000.  A  weir 
of  the  ordinary  light  flashboard  type  is  maintained  in  Kern  Eiver  just 
below  the  head  of  the  James  Canal  to  force  water  into  the  Buena  Vista 
and  James  canals. 

James  Canal, — This  canal  was  constructed  for  the  irrigation  of  the 
odd-numbered  sections  of  land  westward  from  Old  Kern  Eiver  on  Kern 
Island.  The  construction  work  commenced  late  in  1871.  The  diver- 
sion of  water  from  the  river  is  made  a  few  rods  below  the  head  of  Buena 
Y  ista  Slough.  As  originally  constructed  the  canal  was  100  feet  wide  for 
about  1,000  feet,  thence  20  feet  wide  for  a  distance  of  300  to  400  feet, 
and  30  to  40  feet  wide  throughout  the  rest  of  the  first  three-quarters  of 
a  mile  of  its  course.  Its  fall  in  this  distance  is  2  feet,  and  it  is  intended 
to  carry  water  3  feet  deep.  The  length  of  the  main  canal  is  about  18 
miles,  but  its  lower  portions  have  fallen  into  disuse  on  account  of  the 
abandonment  of  Lake  Eanch,  where  an  unsuccessful  attempt  was 
IBB  17 4 
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made  to  irrigate  strongly  alkaline  land.  Mr.  W.  B.  Macmnrdo,  about 
1879,  estimated  the  total  expenditare  on  the  canal  at  $16,000.  The 
river  weir  at  the  head  of  the  James  Canal  serves  to  force  water  into 
this  canal  as  well  as  into  the  Baena  Yista  Canal.  It  is  in  type  similar 
to  the  Pioneer  weir. 

Flunkett  Ditch.— This  ditch  was  constructed  in  1873.  It  diverted 
water  for  the  river  about  three-quarters  of  a  mile  below  the  head  of 
Bnena  Yista  Slough,  and  had  a  southwesterly  course.  It  was  made  12 
feet  wide  and  2  to  2^  feet  deep,  and  its  length  was  about  4  miles. 
Some  years  later  a  connection  with  the  James  Canal  was  established, 
and  the  Flunkett  Ditch  may  now  be  regarded  as  a  branch  of  the  larger 
canal. 

Meacham  Canal. — ^The  Meacham  Canal  is  one  of  the  small  ditches 
taking  water  from  the  south  side  of  Kern  Biver  just  above  the  Pioneer 
Bridge,  about  6^  miles  west  of  Bakersfield  and  about  5^  miles  below 
the  heq.d  of  Old  Biver.  It  was  constructed  in  1873.  Its  length  was 
only  3  to  4  miles  and  its  width  8  to  10  feet.  The  depth  of  water  to  be 
carried  was  2  to  3  feet.  The  canal  is  now  arranged  to  deliver  its  water 
into  the  James  Canal,  with  which  it  has  been  connected. 

Wilson  Canal. — The  head  of  this  ditch,  which  was  constructed  in  1874, 
was  originally  located  about  one-quarter  of  a  mile  below  the  Pioneer 
Bridge,  but  in  1875  the  ditch  was  extended  upstream  to  a  point  along- 
side the  head  of  the  Meacham  Canal,  just  above  the  bridge.  The  ditch 
is  only  1  to  2  miles  long,  about  5  feet  wide,  and  2^  feet  deep. 

Henley  and  Frazier  ditches. — ^These  are  two  small  diversions  from  the 
south  side  of  the  river,  about  4  miles  below  the  Pioneer  Bridge,  l^he 
former  was  constructed  in  1874,  the  latter  in  1873.  Each  is  about  2 
miles  long.  Their  combined  capacity  was  probably  less  than  20  second- 
feet.    iNo  information  is  available  as  to  whether  they  are  still  in  use. 

Beardsley  Canal. — The  head  of  Beardsley  Canal  is  about  1^  miles 
above  the  head  works  of  Kern  Island  Canal,  on  the  north  side  of  Kern 
Biver.  It  is  the  uppermost  of  the  Kern  Biver  canals  which  divert 
water  from  this  river  for  the  irrigation  of  portions  of  the  main  east- 
side  plain  of  San  Joaquin  Valley.  The  construction  of  the  canal 
extended  through  several  years,  commencing  late  in  1873.  Its  coarse 
for  about  100  feet  near  its  head  is  along  the  base  of  an  almost  vertical 
bluff  of  cemented  gravel,  and  about  2  miles  below  its  head  it  lies  in  an 
extensive  cut,  8  or  9  feet  deep,  through  a  second  bank  of  cemented 
gravel.  This  cut  is  nearly  half  a  mile  long.  Otherwise  the  cana\  is 
located  on  ground  favorable  for  canal  construction.  The  canal  was 
planned  to  follow  a  grade  line  skirting  the  southwestern  base  line  of 
the  Sierra  Nevada  foothills,  and  in  this  respect  differed  materially  from 
the  works  on  the  other  side  of  the  river,  which,  except  the  upper  section 
of  the  Kern  Island  Canal,  were  all  constructed  in  the  direction  of  the 
greatest  fall  of  the  land,  thus  occupying  positions  which  are  usually 
assigned  to  laterals.    The  Beardsley  Canal  was  originally  made  15  feet 
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wide  and  2  to  2^  feet  deep,  bat  owing  to  the  light  grade  on  which  it  was 
constracted — 0.8-foot  fall  per  mile — ^it  was  foond  difficult  to  keep  it 
reasonably  free  from  obstraction  by  the  rapidly  growing  vegetation, 
and  it  became  necessary  to  enlarge  the  canal  to  make  its  fall  more 
effective.  A  timber  weir  of  the  open  flashboard  type  is  maintained 
across  the  river  at  the  head  of  Beardsley  Canal.  For  many  years 
the  fhll  length. of  this  canal  was  abont  8  miles,  bat  as  it,  with  the 
msgority  of  the  other  Kern  Biver  canals,  came  into  possession  or  nnder 
control  of  the  same  owners,  the  Kern  County  Land  Company,  it  was 
extended  northward  to  and  across  Poso  Creek,  and  now  has  a  total 
length  of  abont  25  miles.  Its  laterals  frequently^  extend  westward  to 
a  connection  with  the  McCord  Canal  and  to  the  Calloway,  so  that 
sorplns  waters  are  readily  delivered  to  these  lower  canal  systems. 
The  territory  commanded  by  this  canal,  lying  between  it  and  the  Cal- 
loway, is  abont  33,000  acres,  which  includes  between  6,000  and  7,000 
acres  formerly  served  by  the  McCord  Canal. 

McCaffery  Ditch* — ^The  mention  of  the  McCaffery  Ditch  as  an  inde- 
pendent irrigation  work  is  merely  historical.  It  is  a  small  ditch 
diverting  water  from  the  south  side  of  the  slough  known  as  McCaftery 
or  Calloway  Slough,  which  has  been  made  a  part  of  the  well-known 
Calloway  Canal.  The  ditch  is  several  miles  long,  7  to  8  feet  wide,  and 
2  to  3  feet  deep.  It  was  constructed  in  1873,  and  is  still  in  use  as  a 
distributary  of  the  Calloway  Canal  water.  The  use  of  its  water  is  con- 
fined to  the  island  lying  between  Calloway  Slough  and  the  main  channel 
of  the  river. 

McCord  Canal, — ^This  canal,  which  has  a  position  intermediate 
between  the  Beardsley  and  Calloway  canals,  was  built,  in  part  at 
least,  in  1875  and  1876.  A  diversion  of  water  was  made  from  the 
north  side  of  Kern  Biver,  about  2  miles  below  the  head  of  the  Kern 
Island  Canal,  into  a  natural  high- water  channel,  and  from  this  natural 
channel  the  canal  proper  was  carried  3  or  4  miles  northward.  In  1879 
the  canal  was  reported  to  be  about  4^  miles  long,  with  three  branches, 
aggregating  10  miles  in  length.  Its  bed  width  was  noted  at  20  feet 
and  its  depth  at  2  to  3  feet.*  The  canal  was  provided  with  a  new  head 
gate  in  1882  and  was  extended  northward.  The  main  canal  had  a  total 
length  of  about  12  miles.  The  district  commanded  by  the  canal  is  now 
served  with  water  from  the  Beardsley  Canal,  and  no  attempt  is  made 
to  maintain  the  McCord  Canal  as  an  independent  work. 

CaUoway  Canal. — This  is  the  principal  canal  for  the  irrigation  of 
lands  on  the  north  side  of  Kern  Biver.  Its  purpose  was  primarily  to 
supply  water  for  the  reclamation  of  lands  entered  as  desert  claims. 
Almost  as  soon  as  the  notice  of  intention  to  make  the  diversion  of 
water  for  this  canal  had  been  posted  at  the  head  of  McCaffery  Slough, 
in  the  spring  of  1875,  all  individual  rights  were  assigned  to  the  Callo- 
way Canal  Company,  known  on  the  records  as  the  Kern  Biver  Land 


1  See  Rept.  State  Engineer,  Wm.  Ham.  Hall,  1880,  Appendix  to  Part  IV,  p.  77. 
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and  Ganal  Company,  and  no  time  was  lost  in  commencing  constamctiony 
which  was  pushed  forward  rapidly  nntil  Poso  Greek  had  been  crossed 
by  the  main  line  of  the  canal.  The  diversion  from  the  river  was 
effected  at  the  head  of  McGaffery  or  Galloway  Slough,  which  was  cor- 
rected in  alignment  so  far  as  necessary  and  cut  to  a  uniform  ¥ridth  of 
120  feet.  The  upper  2^  miles  of  the  slough  were  thus  appropriated  for 
canal  purposes.  Thence  an  artificial  channel  60  feet  wide  on  the  bot- 
tom was  cut  in  a  northerly  direction.    At  between  2  and  3  miles  from 


Fio.  8.— Head  of  Calloway  Canal. 

the  slough  the  width  of  the  canal  was  increased  to  80  feet  on  the 
bottom,  and  it  retained  this  width  to  Poso  Greek.  To  the  north  of 
Poso  Greek  the  canal  extension  is  60  feet  wide.  The  canal  has  a  fiall 
of  0.8  foot  to  the  mile  northward  from  the  point  where  it  leaves  McGaf- 
fery Slough  for  a  distance  of  about  15  miles;  thence  to  and  beyond 
Poso  Greek  the  fall  per  mile  is  only  0.4  foot.  The  total  fall  from  the 
head  of  McGaffery  Slough  to  the  point  where  the  canal  proper  leaves 
the  slough  is  about  10  feet.    The  inflow  into  what  is  ordinarily  called 
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the  head  of  the  canal,  being  the  original  head  of  McOaffery  Slough,  is 
controlled  by  a  head  gate  or  regulator.  Where  the  canal  proper  leaves 
the  slough  a  check  weir,  serving  the  purpose  of  a  waste  gate,  closes 
the  latter  and  affords  convenient  control  of  the  water-surface  elevation 
at  that  point.  A  secx>ud  regulator  is  put  into  the  head  of  the  artificial 
channel,  which  leaves  the  slough  just  above  the  check  weir.  Sands 
accumulating  in  the  slough  channel  above  the  lower  barrier  are  readily 
sluiced  out  by  removing  the  loose  dashboards  of  the  weir  and  per- 
mitting a  free  flow  through  the  lower  section  of  the  slough  back  to  the 
river. 

The  distribution  of  water  from  the  Calloway  Canal  is  effected  by 
means  of  branch  ditches  or  laterals,  which  are  generally  carried  west- 
ward in  the  direction  of  the  greatest  slope  of  the  valley  x^lain.  Their 
position  is  usually  determined  by  that  of  gentle  swells  or  ridges,  which 
afford  the  best  command  of  the  lands  to  be  irrigated.  These  laterals 
are  ordinarily  about  16  feet  wide.  Their  banks  are  made  high,  so  that 
inundation  of  adjacent  territory  can  readily  be  accomplished.  The 
natural  fall  of  the  valley  surface  in  the  direction  of  the  laterals  is  7  to 
20  feet  to  the  mile.  This  is  reduced  by  means  of  check  weirs  or  drops 
to  less  than  2  feet,  effective,  to  the  mile.  Tenants  of  land  to  be 
irrigated  from  these  laterals  are  reported  to  have  frequently  taken 
contracts  for  their  construction  as  low  as  5  cents  x>^r  cubic  yard  of 
earthwork. 

Late  in  1879  Mr.  F.  R.  Fillebrown,  engineer  in  charge  of  canal  con- 
struction, reported  an  expenditure  of  $78,165  on  the  main  canal,  and 
$49,460  on  about  64  miles  of  laterals.  The  area  covered  by  the  64  miles 
of  laterals  was  reported  at  16,160  acres,  and  the  cost  of  laterals,  with 
gates  complete,  per  acre  under  ditch  was  $4.  The  cost  of  constructing 
check  levees  in  this  district  for  irrigation  by  flooding  was  given  at 
$2.15  per  acre.  Water  was  first  turned  into  the  Calloway  in  1875,  but 
at  that  time  the  principal  purpose  was  to  moisten  the  canal  bed  and 
thereby  facilitate  excavation. 

All  structures  on  the  canal  are  extremely  simple,  but  efficient.  The 
head  gate  or  regulator  now  in  use  was  constructed  in  1884,  late  in  the 
season,  aftelr  a  first  freshet  had  floated  the  original  head  gate  out  of 
place.  The  gate  was  designed  and  built  by  Mr.  L.  F.  Colton.  While 
work  on  it  was  in  progress  a  large  portion  of  the  dam  or  weir  across  the 
river  at  the  head  of  the  canal  was  washed  away,  and  this  was  replaced 
under  some  difficulty,  as  the  river  rose  before  work  was  completed  and 
flooded  the  foundation  pit.  Much  of  the  flooring  had  to  be  nailed 
under  water.  The  weir  or  dam  across  the  river  is  a  very  light  structure, 
of  the  open  type,  resting  upon  a  floor  which  is  the  top  of  a  large  sand 
box  extending  across  the  river.  The  weir  proper  consists  of  a  set  of 
rafters,  4  feet  apart  from  center  to  center,  supported  by  a  set  of  shores 
or  braces,  forming  a  light  framework,  and  the  necessary  flash  or  drop 
boards  for  the  closing  of  the  spaces  between  rafters.    The  rafters  were 
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originally  iDclined  at  ao  angle  of  about  40  degrees,  bat  when  it  was 
foand  desirable  to  raise  the  weir  crest  somewhat  they  were  placed 
more  nearly  erect.  They  are  cut  off  horizontally  at  the  top  and  aSbrd 
support  to  asingle-plankfootbridge,  each  plank  of  which  is  held  in  posi- 
tion by  a  dowel  in  the  top  of  the  weir  timber.  This  arrangement  was 
adopted  to  secure  a  proper  spacing  of  the  weir  timbers  at  their  tops. 
The  drop  boards  are  of  light,  linch  thick  material.  According  to  the 
original  design,  the  entire  superstr  acta  re  wasmovable.  A  setof  brack- 
ets has  been  attached  to  the  weir  frames  below  the  footbridge  to  sup- 
port the  drop  boards,  which  are  out  of  service.  The  total  length  of  the 
weir  was  originally  500  feet,  of  which  only  the  nortbemmost  400  feet 
was  rebailt  in  1884;  the  rest,  extending  from  a  small  island  in  the  river 
to  the  South  bank,  has  been  replaced  by  a  solid  earth,  or  rather  sand, 
fill.    This  part  of  the  weir  had  a  saperstractnre  of  a  type  different  from 
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that  of  the  new  weir.  Its  floor  of  2-inch  planking  rested  opon  two 
lines  of  sheet  piling,  and  the  floor  joists  received  additional  support 
Jrom  intermediate  piles.  The  river  bed  at  that  point,  to  an  unknown 
depth,  is  a  clean,  moderately  fine  sand,  with  which  all  voids  under  the 
flooring  were  e«mpactly  filled. 

With  some  variations  in  detail  of  construction  the  river  weir  is  pro- 
longed in  a  direct  line  northerly  across  the  head  of  the  Calloway  Canal; 
but  the  timbers  of  the  Galloway  Canal  regulator  are  somewhat  heavier 
than  those  of  the  weir.  Its  frames  are  not  movable.  The  main  timbers 
are  6  by  8  inches,  and  have  several  supports  each  6  by  6  inches.  The 
canal  regulator  Is  100  feet  long,  having  25  openings,  or  bays,  each  4 
feet  from  center  to  center  of  gate  frames.  The  drop  or  flash  boards 
are  1  by  6  inches. 


1.  CALLOWAV  CANAL. 


Ting  alfalfa  'n  contour  checks. 


OBmMiT.l  CALLOWAY   CANAL.  55 

At  each  CDd  of  th©  Calloway  weir  and  of  the  canal  re^Iator  the 
banks  are  protected  by  timber  balkheads,  sheet  piling,  and  brnshwork. 

A  full  flow  of  water  is  expected  in  the  Calloway  Caual  dnring  the 
months  Febmary  to  May,  inclnsiye.  At  the  low  stage  of  the  river  the 
canal  Is  entirely  dry.  The  maximum  capacity  of  the  canal,  estimated 
some  years  ago  &om  dimensions  below  McCatfery  Slongh,  was  aboat 
550  second-feet,  bat  the  ordinary  full  flow  is  460  to  500  second  feet. 
More  water  than  this  in  the  canal  renders  liability  of  breaks  in  the 
banks  too  great. 

The  canal  laterals  have  been  extended  throughout  a  district  haWng 
an  area  of  about  60,000  acres,  nearly  all  of  which  may  be  considered 
fully  prepared  for  irrigation  and  actually  irrigated  each  season.  The 
principal  crop  irrigated  is  alfalfa.  A  view  of  a  large  field  of  this  forage 
crop  beiog  irrigated  by  means  of  contour  checks  on  the  Jackson  Banch 
is  shown  in  Fl.  XII,  B.    ISo  water  was  sold  from  the  Calloway  Canal 


Fig.  10.— SeoUon  of  he4d  gale  at  CaUoiT*7  CuiaL 

until  the  sale  of  lauds  owned  by  the  Kern   County  Land  Company 
(J.  B.  Haggin  and  Lloyd  Tevis)  commenced. 

EToery  Ditch. — This  is  a  small  ditch  making  a  diversion  of  water 
from  the  north  side  of  Kern  River  about  i  miles  below  the  head  of  the 
Calloway  Canal.  It  was  constructed  in  1877  as  a  private  dit«h  by  Mr, 
B.  K.  Emery,  and  was  only  3  miles  long,  6  to  8  feet  wide,  and  2  feet 
deep.  The  diversion  of  water  was  effected  by  inexpensive  brush  wing 
dams,  a  new  one  being  required  after  each  freshet.  Notwithstaodiug 
a  capacity  of  10  to  20  second  feet,  but  little  irrigation  was  ever  accom- 
plished with  this  ditch.  It  was  difficult  to  force  the  necessary  water 
into  the  dit«h  even  at  moderately  high  stages  of  the  river;  the  loss  of 
water  in  transit  to  lands  to  be  irrigated  wa^  considerable,  as  the  route 
of  the  ditcb  was  across  a  sandy  region,  and  the  drifting  sands  made 
it  difficult  to  keep  the  ditch  open. 
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Jones  &  Tuckey  Ditch. — The  description  of  this  ditch,  like  that  of  a 
oamber  of  the  other  lesser  irrigation  works  from  Kern  Eiver,  is  bardly 
more  than  a  historical  note.  The  ditch  was  next  below  the  Emery 
Ditch,  on  the  north  side  of  the  river,  and  followed  a  parallel  roate 
northward.  It  was  about  10  feet  wide  and  4  miles  long.  It  was  con- 
structed in  1876,  but  fell  into  disuse  seven  or  eight  years  later,  when 
it  came  under  control  of  the  principal  owners  of  the  larger  canals  com- 
manding the  same  territory.  Its  rights  have  been  merged  with  those 
of  the  larger  canals. 

Bailroad  Canal. — At  the  head  of  a  natural  high- water  or  overflow 
channel  on  the  north  bank  of  Kern  River,  known  as  Ooose  Lake 
Slough,  three  cuts  have  been  made  to  afford  a  greater  inlet  capacity 
to  the  head  of  the  slough.  The  uppermost  of  these  is  known  as  the 
Eailroad  Canal.  It  is  about  one-half  mile  long  and  25  to  30  feet  wide 
on  the  bottom.  This  canal,  if  such  a  designation  may  be  applied  to 
the  diversion,  was  constructed  late  in  1875,  and  a  light  timber  barrier 
40  feet  wide  (8  bays,  each  5  feet)  was  placed  across  its  head  for  the 
control  of  its  flow.  The  water  diverted  from  the  river  into  this  channel 
was  for  the  irrigation  of  lands  (desert-land  entries)  near  Goose  Lake 
Slough  belonging  to  persons  who  had  failed  to  secure  rights  in  the 
Goose  Lake  or  the  Wible  canals.  Very  little  irrigation  was  accom- 
plished with  it,  except  the  natural  wetting  of  lands  adjacent  to  the 
slough.  Only  320  acres  of  the  lands  for  which  water  was  claimed 
through  the  BaHroad  Canal  are  said  to  be  still  served  with  Kern  River 
water. 

Wible  Canal. — Just  below  the  Eailroad  Canal  is  another  cut  from 
the  river  to  the  sloughy  which  was  made  in  the  summer  of  1875,  by 
another  set  of  persons,  who  were  desirous  of  using  Goose  Lake  Slough 
as  a  main  channel  to  carry  water  to  their  lands.  This  cut  was  only 
1,000  to  1,500  feet  long.  It  was  30  to  35  feet  wide  on  the  bottom  and 
about  2  to  3  feet  deep.  Its  head  gate  was  56  feet  wide.  The  first  cost 
of  the  canal  is  reported  at  $3,500,  and  the  cost  of  the  regulator  at  $500. 
Water  is  apportioned  to  stockholders  without  any  elaborate  system  of 
measurement.  Expenses  of  management,  which  are  light,  are  appor- 
tioned to  the  consumers  of  water  by  mutual  agreement. 

Ooose  Lake  Cam,al. — ^First  in  the  order  of  time  of  construction,  but 
third  in  position,  is  the  enlarged  original  head  of  Goose  Lake  Slough, 
known  as  the  Goose  Lake  Canal.  This  is  located  on  the  north  side  of 
Kern  Biver  just  above  the  Pioneer  Bridge,  about  7  miles  in  a  direct 
line  west  of  Bakersfield.  In  1874  the  head  of  Goose  Lake  Slough  was 
cleaned  out  and  enlarged  and  a  regulator  was  built  across  it.  This 
regulator  is  134  feet  wide.  The  head  of  the  slough  was  150  to  160  feet 
wide.  This  work  has  always  been  under  the  control  of  the  parties  who 
controlled  the  principal  large  canals  already  enumerated  and  has  not 
been  in  use  to  any  considerable  extent  for  systematic  irrigation. 
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Pioneer  Canal. — ^This  canal  was  constracted  in  1873  by  settlers  npon 
lands  on  the  north  side  of  the  river  below  the  Pioneer  Bridge.  It 
was  originally  made  30  feet  wide  at  its  head  for  a  distance  of  a  little 
over  100  yards;  there  its  width  was  decreased  to  10  or  12  feet.  Sub- 
seqnently,  however,  the  canal  was  enlarged  to  a  bed  width  of  30  feet 
throughout  a  length  of  7  or  8  miles,  and  its  upper  sections  were  still 
further  enlarged  in  1879,  when  the  canal  was  made  60  feet  wide.  From 
its  head  at  the  Pioneer  Bridge  the  canal  has  a  westerly  course,  its 
waters  being  used  principally  upon  the  Kern  County  Land  Company's 
tract  of  land.  The  canal  capacity  reported  for  this  canal  by  Mr.  W.  E. 
Macmurdo,  C.  £.  (in  charge  of  canal  work  in  1880),  was  450  second-feet, 
and  its  cost  about  $44,000. 

The  head  gate  of  this  canal  oifers  some  points  of  interest.  It  rests 
upon  sand.    A  trench  was  excavated  across  the  canal,  14  feet  wide 
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(14  by  60  feet)  and  3  feet  deep.  Light  sheet  piling  was  driven  on  the 
four  sides  of  this  trench  1  foot  deep.  To  the  top  of  the  sheet  piling 
were  nailed  2  by  4  inch  timbers  at  the  height  of  the  canal  grade.  The 
trench  was  then  refilled  and  1  by  6  inch  pine  boards  were  laid  across 
the  top  of  the  filling  4  feet  apart,  in  the  direction  of  the  canal  axis. 
Floor  boards  2  inches  thick  were  thereupon  nailed  to  the  pine  strips 
and  extended  over  the  side  walls  of  the  trench.  They  were  laid  across 
the  axis  of  the  canal.  On  this  floor  sills  4  by  6  inches  were  placed  on 
edge,  4  feet  apart,  for  the  support  of  4  by  6  inch  posts,  which  serve  as 
bridge  posts.  The  bridge  floor  is  2  inches  thick  and  covered  with  an 
earth  fill  3  feet  thick,  which  serves  to  give  weight  and  stability  to  the 
entire  structure.  The  sides  of  the  bridge,  acting  as  retaining  walls  for 
the  earth  fill,  are  tied  to  the  floor  joists  by  means  of  three-eighths-inch 
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iron  roas,  twisted  together  for  teasioD.  The  npper  bridge  posts  sappoit 
the  loose  flasbboards  by  means  of  which  the  structare  is  converted  into 
a  regnlator.  This  is  one  of  the  best  examples  of  a  cheap,  efficient 
strnctnre.  Its  total  cost  was  only  $540,  including  all  earthwork.  It 
was  built  in  1884  by  the  en^aeer  in  charge,  Mr.  Walter  James.  The 
weir  in  the  river  at  the  head  of  the  Pioneer  Canal  was  originally  a  com- 
bination strnctnre.  The  weir  posts  8apt>orte<I  a  bridge,  toward  tbe 
constroction  of  which  a  money  contribution  was  made  by  Kern  Coanty. 
The  original  weir  has  been  replaced  by  a  late  structure,  crossing  Rem 
Kiver  just  below  tbe  Pioneer  Hridge.  This  is  very  similar  in  arrange- 
ment to  the  one  at  tbe  head  of  the  Calloway  Canal.  It  controls  tbe 
water-snrface  elevation  in  the  river  for  a  number  of  canals  and  ditches 
besides  the  Pioneer  Canal,  including  the  Goose  Lake  Slough  system  on 
the  north  side  of  the  river,  and  the  Wilson  and-  Meacham  ditches  on  itB 
Boath  side. 


Flo.  1!,— Hud  of  Juuaa  &  DtiDu  Ci 


Sdwards  Ditdh, — This  ditch,  whose  head  is  aboat  a  mile  below  the 
Pioneer  weir,  is  to  be  classed  with  those  of  lesser  importance.  It 
was  constructed  in  1875.  Work  may  have  commenced  late  in  tbe  pre- 
ceding year.  The  ditch  was  about  2  miles  long,  and  10  to  12  feet  wide 
on  tbe  bottom.  It  fell  into  disuse  in  1ST9,  but  was  reopened  in  1885. 
It  was  then  in  nse  by  several  persons,  but  received  water  only  at  high 
stages  of  the  river. 

James  &  Dixon  Canal. — This  name  has  been  applied  to  a  cut  abont 
2^  miles  below  the  Pioneer  Bridge,  from  Kern  Biver  into  Johnson 
Slough  (one  of  the  river's  north-side  delta  channels).  This  cut  was 
excavated  in  1872  and  1873.  It  was  le-ss  than  half  a  mile  long,  and  was 
originally  made  30  feet  wide  on  the  bottom.  In  1884  it  was  connected, 
at  a  point  abont  200  yards  below  its  head,  with  the  Johnson  Cot,  a 
second  opening  from  the  rivet  into  Johnson  Slough.  The  water  deliv- 
ered into  the  slough  by  the  James  &  Dixon  Cut  is  for  use  on  portions 
of  the  McCluug  Kanch  and  on  tbe  Buena  Vista  Banch.    Tbe  slough  is 
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used  in  common  by  the  owners  of  the  two  canals  for  abont  a  mile  below 
the  point  where  their  waters  are  mingled.  The  Johnson  Canal  water 
IB  there  taken  out  of  the  south  side  of  the  slough  for  distribution  to 
irrigators,  while  the  James  &  Dixon  Canal  water  flows  on  down  the 
slough  channel. 

About  1882  it  became  necessary  to  establish  a  better  control  of  the 
flow  of  water  into  Johnson  Slongh.  To  this  end  a  reasonably  perma- 
nent wing  dam  was  constructed  just  below  the  Johnson  Cut,  and  a  new 
hesid  gate,  or  regulator,  was  placed  in  that  cut.  The  wing  dam  was  in 
the  form  of  a  timber  weir  extending  halfway  across  the  river  channel 
and  resting  against  a  small  island.  The  space  between  its  end  and  the 
south  bank  of  the  river  was  closed  annually  at  the  low-water  stage  by 
an  inexx>ensive  sand  dam.  The  water  was  thus  forced  over  the  weir 
and  brought  under  control.  The  control  at  high  stages  was  not  essen- 
tial. This  work  was  carried  out  under  the  direction  and  management 
of  the  owners  of  the  James  &  Dixon  Canal,  and  a  proportional  part  of 
the  cost — $2,200  out  of  a  total  of  $4,700 — was  contributed  by  the 
owners  of  the  Johnson  Canal.  The  water  supply  for  both  canals  was 
thereafter  drawn  through  the  same  regulator. 

The  original  purpose  for  which  the  James  &  Dixon  Canal  was  con- 
structed was  to  supply  water  for  irrigation  to  the  Buena  Vista  Banch, 
then  owned  by  Mr.  James  Dixon,  and  to  lands  in  its  vicinity.  The 
canal  and  the  lands  to  be  irrigated  by  it  have  long  since  become  a  part 
of  the  property  under  control  of  the  Kern  County  Land  Company. 

The  combined  capacity  of  the  James  &  Dixon  and  the  Johnson  canals 
has  been  estimated  at  400  to  450  second-feet.  The  head  works  of  the 
James  &  Dixon  Canal  are  now  out  of  service,  because  it  has  been  found 
more  convenient  to  supply  water  to  the  lower  section  of  the  canal 
through  a  branch  of  the  Pioneer  Canal. 

Johnson  Canal. — Several  hundred  feet  below  the  original  head  of  the 
James  &  Dixon  Canal  is  the  cut  from  the  river  to  Johnson  Slough 
known  as  the  Johnson  Canal,  which  is  owned  by  the  Lower  Kern  Biver 
Irrigating  Company.  It  was  constructed  in  1873  and  is  about  one-eighth 
mile  long.  It  was  described  by  Mr.  James  D.  Schuyler,  in  his  report 
to  the  State  engineer,  as  being  10  feet  wide  on  the  bottom,  3  feet  deep, 
with  bank  slopes  of  1  on  2;  but  greater  original  dimensions  are  claimed 
for  it  by  resident  engineers  of  Kern  County.  The  canal  water,  as 
already  noted,  flowed  about  a  mile  in  Johnson  Slough  and  was  then 
taken  out  for  delivery  to  irrigators.  The  separation  of  its  water  from 
that  of  the  James  &  Dixon  Canal  was  effected  and  controlled  by  means 
of  regulators,  one  being  placed  in  the  slough,  another  in  the  artificial 
channel.  There  was  no  sale  of  water  to  consumers.  The  canal  owners 
took  water  as  they  needed  it,  and  expenses  of  canal  management  were 
apportioned.  The  cost  of  maintaining  head  works  at  the  river  was 
borne  in  part  by  the  owners  of  the  James  &  Dixon  Canal.  Water  is 
now  delivered  to  the  lands  served  by  the  Johnson  Slough  Canal 
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tbrough  branches  of  the  Pioneer  Oanal,  and  the  nse  of  the  canal  head 
works  has  been  abandoned. 

Ashe  Ditch. — ^This  ditch,  which  fell  into  disase  aboat  1882,  was  a 
small  one,  belonging  to  a  private  owner,  and  was  coustmcted  aboat 
1874  or  1875.  Its  head  was  on  the  north  side  of  the  river,  just  below 
the  Johnson  Canal.  It  had  a  westerly  coarse,  was  about  1  mile  long, 
8  feet  wide  on  the  bottom,  and  2  feet  deep.  Its  mention  is  merely 
historical. 

May  Ditch. — ^This  ditch  was  in  nse  for  several  years  subsequent  to 
1874.  Its  length  was  2  miles,  its  course  westerly,  its  width  about  8 
feet,  and  its  depth  2  feet.  Its  head  works  were  4  to  5  miles  below  those 
of  the  Johnson  Canal.    Whether  it  is  now  in  use  is  not  known. 

Jcice  Canal, — There  is  some  confusion  among  names  applied  to  the 
ditches  of  Lower  Kern  Eiver  which  were  intended  in  whole  or  in  part 
to  supply  water  to  the  Buena  Yista  Ranch.  In  1873  the  lands  known 
by  this  name  were  owned  by  the  late  W.  C.  lialston,  and  were  under 
the  management  of  James  Dixon.  The  first  diversion  made  for  their 
irrigation  was  in  that  year,  from  a  minor  north-side  delta  channel  of 
the  river  known  as  Gage  Slough.  The  ditch  was  12  feet  wide,  and  was 
intended  to  carry  water  about  2  feet  deep.  To  increase  the  flow  of 
water  in  that  branch  of  Kern  Eiver  upon  which  Gage  Slough  was 
dependent,  a  dam  of  brushwork  was  constructed  across  the  most 
southerly  of  two  channels  into  which  the  river  separated  a  short  dis- 
tance above  the  head  of  Gage  Slough.  Still  later,  in  the  same  year,  a 
second  ditch  was  constructed  Irom  the  north  side  of  the  river  above 
the  slough,  and  this  was  connected  with  the  first  ditch.  The  head  of 
Gage  Slough  was  then  closed  permanently. 

Two  years  later  a  private  ditch  was  constructed  as  a  branch  of  the 
Joice  Ditch,  commencing  about. 2  miles  below  the  head  of  the  latter. 
This  was  known  a«  the  Dixon  Ditch,  and  has  led  to  the  use  of  the  name 
Joice  &  Dixon  Ditch  for  that  part  of  the  original  Joice  Ditch  above  the 
Dixon  Ditch.  The  uncertainty  as  to  amount  of  water  covered  by 
recorded  claims,  and  the  proceduie  in  Kern  County  leading  to  the 
granting  of  a  canal  franchise,  are  well  illustrated  by  the  Joice  Canal. 
A  notice  was  posted  on  April  28, 1873,  in  sec.  21,  T.  30  S.,  R.25  E., 
Mount  Diablo  meridian,  by  Messrs.  E.  Y.  Joice  and  James  Dixon,  of  a 
claim  to  10  cubic  feet  of  the  water  of  Kern  Eiver,  measured  under  a 
4-inch  pressure.  On  May  26  of  the  same  year  the  same  persons  posted 
another  notice  of  claim  to  20  feet  of  water,  measured  under  a  4-inch 
pressure.  These  claims  were  followed  in  1878,  on  October  7,  by  another 
by  Mr.  William  B.  Carr,  posted  on  sec.  23  at  the  head  of  Joice  Canal, 
to  6,250  inches  of  water,  measured  under  a  4-inch  pressure.  He  was 
on  the  following  day  granted  a  franchise  by  the  supervisors  of  Kern 
County,  acting  in  the  capacity  of  water  commissioners,  to  construct  a 
new  canal  30  feet  wide  on  the  bottom,  2  feet  deep,  and  having  a  cross- 
sectional  area  of  72  square  feet,  or  to  enlarge  any  canal  acquired  by 
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him  to  these  dimensions  for  the  purpose  of  diverting  the  amount  of 
water  named  in  his  claim.  The  franchise  then  obtained  was  transferred 
a  few  days  later  to  the  Joice  Canal  Company. 

From  a  report  made  in  1879  by  Mr.  W.  B.  Macmurdo,  one  of  the 
engineers  in  charge  of  canal  work,  to  Messrs.  Haggin  &  Carr  it  is 
learned  that  the  cost  of  irrigation  with  water  of  this  ditch,  after  ditches 
and  checks  were  all  constructed^  was  as  low  as  10  cents  per  acre.  The 
lands  commanded  by  the  canal  can  also  be  supplied  with  water  from 
the  Pioneer  Canal  and  from  the  James  &  Dixon  Canal,  as  has  been 
already  explained.  The  Joice  Canal  receives  water  only  daring  com- 
paratively high  stages  of  Kern  Biver.  A  timber  weir  extending  par- 
tially across  the  river  was  maintained  for  a  namber  of  years,  bat  it  has 
recently  been  found  more  convenient  to  abandon  the  caual  head  works 
and  to  supply  it  with  water  from  the  Pioneer  Canal 

Dixon  Canal, — ^Two  years  after  the  construction  of  the  Joice  Canal 
the  branch  known  as  the  Dixon  Canal  was  carried  in  a  northwesterly 
direction,  for  the  irrigation  of  a  small  tract  of  land  on  the  margin  of 
the  lands  segregated  as  swamp  and  overflowed,  and  thereafter  the 
upper  portion  of  the  Joice  Canal,  about  2^  miles  long,  was  regarded 
as  the  common  head  of  the  two  ditches.  The  ditch  was  described  by 
Mr.  James  D.  Schuyler  in  1880,  in  his  report  to  the  State  engineer,  as 
being  2^  miles  long,  6  to  8  feet  wide  on  the  bottom,  and  1^  feet  deep. 

Kern  Valley  Water  Company^s  canals. — For  the  reclamation  of  the 
lands  in  the  upper  or  southeastern  portion  of  Buena  Vista  Swamp  two 
large  canals  were  constructed,  one  upon  either  side  of  the  long,  narrow 
trough  of  the  valley  through  which  the  overflow  waters  of  Kern  and 
Buena  Yista  lakes  took  a  northwesterly  course  toward  Tulare  Lake. 
Of  these  two  canals,  the  one  on  the  west  side  was  intended  as  a  recip- 
ient of  the  flood  flow,  and  was  therefore  given  magniflcent  dimensions. 
The  other  c^i^nal  was  to  serve  more  particularly  as  a  source  of  supply 
for  irrigation  water.  Both  of  these  canals  were  connected  with  Buena 
Yista  Slough,  a  natural  channel  of  irregular  alignment  and  variable 
dimensions,  which  has  a  northwesterly  course  from  Buena  Yista  Lake 
for  a  distance  of  about  8  miles  to  the  vicinity  of  the  canal  bead  works, 
near  which  point  its  channel  becomes  more  or  less  indefinite. 

At  the  time  these  canals  were  constructed,  about  1875,  it  was  pro- 
posed by  their  projectors  to  convert  Kern  and  Buena  Yista  lakes  into 
great  storage  basins  of  water  to  serve  for  the  irrigation  of  lands  to  the 
northwest.  But  this  proposition  met  with  opposition.  Other  claims  to 
the  lakes  were  advanced.  The  lake  beds  were  claimed  as  swamp  and 
overflowed  land  subject  to  reclamation  by  drainage.  Long  litigation 
ensued,  involving  among  other  things  the  question  of  riparian  owner- 
ship in  the  waters  of  Kern  Biver,  as  it  was  manifestly  to  the  advantage 
of  the  owners  of  lands  in  Buena  Yista  Swamp  to  prevent  diversions  in 
the  upper  sections  of  the  river,  so  as  to  augment  the  flow  through 
natural  channels  into  Buena  Yista  Lake  and  thence  into  the  channels 
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from  which  the  lower  canals  were  fed.  As  a  result  of  this  litigatiou  it 
waa  definitely  determiDed  that  the  doctrine  of  riparian  rights  prevails 
in  this  State;  and,  more  directly  hearing  upon  the  questions  at  issoe, 
it  led  to  an  agreement  between  the  contiicting  iuterests  according  to 
which  the  use  of  lake  aur&ce  for  reserToir  purposes  was  restricted 
to  Bnena  Vista  Lake,  and  some  definitenesa  was  given  to  the  rights  of 
the  varioas  canals  to  make  diversions  of  the  Keru  River  water. 

As  soon  as  this  resnlt  was  reached,  in  1891,  work  progressed  rapidly 
on  the  stractores  necessary  to  dam  off  Buena  Vista  Lake  toward  the 
east  and  to  control  the  outflow  of  its  waters  toward  the  north.  The 
storage  capacity  of  the  lake  is  represented  to  be  150,000  acre-feet, 
being  presumably  the  amount  actually  available  for  irrigation  par- 
poses  when  the  lake  is  full.  The  alignment  of  the  principal  channel 
of  Keru  Biver  iu  its  course  toward  the  lake  has  been  corrected,  and  it 
is  separated  by  means  of  high  embankments  from  a  return  channel  cor- 
respondingly correcting  the  aUgnment  of  Bnena  Vista  Slough.    Witli- 


oat  any  definite  information  concerning  the  cost  of  these  works,  it  is 
not  unreasonable  to  suppose  that  it  has  exceeded  $250,000,  in  additioa 
to  over  $300,000  tor  original  canals. 

The  west-side  canal  was  made  125  feet  wide  on  the  bottom  utd  was 
planned  to  carry  water  7  feet  deep.  The  position  of  the  canal  along 
the  western  border  of  the  swamp  gave  it  a  fall  of  about  4  t«  5  feet  to 
the  mile,  which  was  reduced  by  means  of  check  weirs  or  drops.  Four 
of  these  were  constructed,  but  three  were  washed  out,  and  hut  a  single 
one  remains  to  serve  as  a  regulator.  The  canal  has  a  I^igth  of  21 
miles,  covering  more  than  one-half  the  distance  towiurd  Tulare  Lake, 
and  discharging  at  its  lower  end  upon  the  lower  portion  of  Bnena  Vista 
Swamp.  Tlie  east-side  canal  is  25  feet  wide  and  has  a  depth  of  3  to  5 
feet.  A  regulator  has  been  placed  in  it  where  it  is  crossed  by  the  road 
embankment,  which  serves  as  abarrieragainstflood  waters  of  the  river 
or  slongh  &om  the  south.    The  regulator  is  a  combination  of  a  bridge 


OBmnKT.]  KERN   VALLEY   WATER   COMPANY'S   CANALS.  63 

with  earth  fill  on  top  and  a  gate.  The  gate  is  of  the  ordinary  vertical 
flashboard  type. 

Where  water  is  to  be  drawn  from  the  main  west-side  canal  for  irri- 
gation purx)08e8  it  is  admitted  to  distributing  ditches  by  means  of 
wooden  box  culverts  placed  under  the  canal  levee. 

Maintenance  of  the  works  has  involved  frequent  bank  protection  on 
the  main  canal,  the  bottom  of  which  below  its  regulator  has  been  irreg- 
ularly eroded. 

Flood  waters  have  frequently  made  dangerous  inroads  upon  banks 
and  levees  where  the  canal  lies  in  the  light  alkaline  soils  of  the  west 
side,  which  do  not  afibrd  much  resistance  to  the  erosive  action  of  the 
water. 

The  irrigation  frt)m  this  canal  system  is  still  confined  to  the  alfalfa 
fields  at  the  head  of  Buena  Vista  Swamp  between  the  two  main  canals. 
Here  about  20,000  acres  of  alfalfa,  in  one  continuous  tract  and  under 
one  ownership  and  management,  represent  the  extent  of  the  water's  use. 

The  system  of  irrigation  is  the  contour-check  system.  The  contour 
levees  have  usually  6  inches  difference  in  elevation,  or  a  little  more. 
The  soil  is  a  black  vegetable  mold,  4  to  6  inches  deep,  under  which 
is  a  heavy  clay  subsoil.  Ohecks  are  generally  8  to  10  acres  in  area. 
Small  checks  are  preferred,  and  some  of  the  larger  ones  are  being 
subdivided.  Some  drainage  of  the  land  after  flooding  is  necessary  and 
drain  ditches  are  provided  for  the  purpose.  The  cost  of  preparing  the 
land  for  irrigation,  including  the  cost  of  small  ditches,  was  about  $10 
per  acre. 

KERN  AND  TULARE  IRRiaATION  DISTRICT. 

Ko  work  of  actual  construction  was  done  on  the  proposed  canal  sys- 
tem for  this  irrigation  district,  now  disorganized,  but  as  the  contem- 
plated sourer  of  water  supply  was  Kern  Eiver  the  project  requires 
mention.  The  district  was  located  on  the  east-side  valley  plain  surround- 
ing Delano,  in  Kern  and  Tulare  counties,  about  25  miles  northward 
from  Kern  River.  It  had  an  area  of  84,000  acres.  The  proposed  main 
canal-  was  to  have  a  bed  width  of  40  feet,  a  water  depth  of  4  feet,  a  fall 
of  9  inches  to  the  mile,  and  a  total  length  of  about  55  miles.  The 
diversion  from  the  river  was  to  be  made  about  8  miles  above  the  head 
of  the  Beardsley  Canal,  on  the  north  side  of  Kern  Eiver,  and  the  route 
of  the  canal  was  to  be  westward  along  the  bluffs  and  broken  slopes  of 
the  hills  for  about  7  miles,  to  where  it  emerged  upon  a  comparatively 
smooth  plain  at  the  base  of  the  hills,  thence  northerly  across  Poso 
Creek  and  Dyers  Gulch,  to  and  across  White  River.  The  estimated  cost 
of  the  main  canal  was  $426,000  and  of  the  necessary  distributaries 
tl95,000.  The  district  was  organized  in  1890,  and  a  bond  issue  of 
$700,000  was  intended  to  cover  cost  of  works. 
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WATER  SUPPLY,  DISTRIBUTION,  AND  MEASUREMENT. 

The  breadth  and  shallowness  of  the  bed  of  Kern  River,  whose  hanks 
are  only  3  to  6  feet  high,  facilitate  diversion  of  its  water.  The  lands 
irrigated  have  already  been  described. 

Diversions  are  nuinerouH  both  toward  the  north  and  toward  the  south, 
and  are  asually  effected  by  the  use  of  light,  movable,  o{)en-work  timber 
weirs,  above  which  water  is  forced  into  the  heml  of  a  ditch  or  canal. 
The  flow  in  the  canals  is  controlled  by  gates  or  regulators,  usually  of 
the  inclined  or  vertical  dashboard  type. 

The  canals  on  the  north  side  of  the  river  have  an  aggregate  capacity 
of  several  thousand  second-feet;  those  on  the  south  side,  between  1,000 
and  2,000  second- feet. 

Most  of  the  Kern  River  canals  were  constructed  for  the  irrigation  of 
particular  tracts  of  land,  and  therefore  received  alignments  as  direct 
as  i>os8ible  from  the  point  of  diversion  to  the  land  to  be  irrigated. 
Their  location  in  a  position  to  command  as  much  land  as  possible  is 
exceptional.  The  Kern  Island,  Beardsley,  McCord,  and  Calloway  canals 
are  among  the  exceptions.  On  Kern  Island  the  course  of  the  canals 
is  generally  in  the  direction  of  the  greatest  slope  of  the  ground's  surface. 
As  this  slope  is  represented  by  a  fall  of  about  7  feet  to  the  mile,  and 
the  soil  is  generally  easily  eroded,  check  weirs  or  drops  are  necessary 
to  check  the  flow  of  water  in  the  canals  and  to  render  diversion  into 
laterals  possible.  Such  structures  are  about  one-half  mile  apart  on  the 
principal  original  branches  of  the  Kern  Island  Canal.  There  are  25  of 
them  in  the  main  channel  of  the  Stine  Canal,  and  about  the  same 
number  on  the  Buena  Vista  Canal.    The  James  Canal  has  14. 

Despite  the  various  names  assigned  to  the  Kern  River  canals  and  to 
the  corporations  which  own  them,  the  conflicting  interests  thereby 
indicated  do  not  all  exist.  Almost  the  entire  canal  and  ditch  system 
of  this  river  has  passed  into  the  control  of  the  two  great  proprietary 
firms,  Haggin  &  Tevis  and  Miller  &  Lux,  and  contentions  as  to  water 
apportionment  are  usually  restricted  to  broad  questions  aflectiug  whole 
districts  rather  than  individual  diversions.  Until  a  satisfactory  allot- 
ment of  the  low- water  flow  of  the  river  was  agreed  to  by  these  firms, 
comparatively  little  attention  was  paid  to  perfecting  a  system  of  water 
apportionment  either  from  the  river  or  from  the  several  canals.  It  was 
the  rule  for  each  irrigator  to  use  water  as  he  required  it,  so  long  as 
water  was  available.  The  only  canal  from  which  water  was  sold  until 
within  the  last  few  years  was  the  Kern  Island  Canal. 

The  plan  of  apportionment  of  water  iir  the  case  of  the  Beardsley 
and  the  other  canals  owned  by  joint  stock  companies,  stock  being  held 
by  landowners,  gave  to  each  stockholder  a  part  of  the  water  in  the 
canal  proportional  to  the  amount  of  stock  owned,  but  the  distribution 
was  based  on  approximation,  without  attempting  measurement  of  the 
water  delivered. 
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The  allotment  of  water  to  the  irrigators  from  the  Kern  Biver  canals 
is  in  charge  of  canal  superintendents,  who  are  assisted  by  ditch  tenders, 
locally  called ''  zanjeros."  The  canals  are  inspected  daily,  and  the  water 
applied  for  by  irrigators  is  delivered  into  their  irrigating  ditches. 
Water  is  sold  by  measurement,  being  delivered  through  measuring 
boxes. 

Before  1875  water  was  furnished  free  of  charge  from  the  Kern  Island 
Oanal  to  irrigators,  in  order  to  encourage  its  use.  During  the  years 
1875  to  1877  it  was  sold  at  1^  cents  per  24-hour  inch  (miner's  inch,  sup- 
posed to  be  under  4- inch  pressure,  equivalent  to  about  0.02  second-foot), 
aggregating  about  $1.50  per  acre  per  annum,  as  then  used  for  the  vari- 
ous crops  cultivated.  In  1878  the  rate  was  increased  to  1^  cents  per 
24-hour  inch.  In  1879  the  Kern  Island  Canal  Company  charged  the 
following  rates  for  water: 

For  genial  fwrming :  April  to  November  (inclusive),  1^  cents  per 
inch  under  a  4-inch  pressure,  for  twenty-four  hours.  December  to  March 
(inclusive),  1  cent  per  24hour  inch. 

For  market  gardens:  For  12-inch  stream  and  upward  for  not  less 
than  one  half  month,  2  cents  per  inch  per  day  of  twenty- four  hours. 
For  48-inch  stream  and  upward  for  one  day  or  more,  2  cents  per  inch 
X>er  day  of  twenty- four  hours. 

For  house  lots  and  gardens:  12  inches  for  one  day  of  twelve  hours,  or 
24  inches  for  one-half  day  of  six  hours,  $1;  12  inches  for  one  night  of 
twelve  hours,  75  cents;  12  inches  for  one- half  day  of  six  hours,  or  24 
inches  for  three  hours,  75  cents;  24  inches  for  one  day  of  twelve  hours, 
$1.50;  24  inches  for  one  night,  $1.25;  24  inches  for  one  hour,  50  cents. 

The  prices  now  charged  vary  somewhat  for  the  diflferent  canals,  being 
adjusted  according  to  operating  expenses.  They  range  from  about  30 
to  75  cents  per  second-foot  for  twenty-four  hours,  and  in  exceptional 
eases  have  been  below  the  lowest  rate  named. 

The  original  measuring  box  was  so  constructed  that  a  uniform  head, 
over  an  aperture  which  could  be  adjusted  to  the  number  of  inches 
called  for,  could  be  maintained.  The  area  of  the  aperture  was  con- 
trolled by  means  of  a  horizontal  sliding  board.  It  was  4  inches  in 
height,  and  the  surface  of  water  above  the  aperture  was  maintained  at 
4  inches  above  its  top.  Water  had  an  unobstructed  outfall  through 
the  aperture. 

This  gate  was  superseded  by  a  well-constructed  overfall  weir.  Water 
is  admitted  to  a  chamber  above  the  weir  by  means  of  a  gate  which 
affords  control  of  the  water  elevation.  The  depth  of  overfall  is  deter- 
mined by  measurements  to  the  water  surface  above  the  weir  from  a 
carefully  set  "  level -board.'^  The  cubic  foot  per  second,  or  second- foot, 
has  recently  been  substituted  for  the  inch  as  the  unit  of  measurement. 
At  the  present  time  gates  with  submerged  orifice  are  preferred  and  are 
coming  into  general  use. 
IBB  17 5 
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On  the  South  Fork  Ganal  no  system  of  measurement  has  been  Intro- 

ft 

duced.  Each  consumer  takes  what  he  requires  when  there  is  an 
abundant  flow  in  the  eanal.  When  water  becomes  scarce,  a  canal 
superintendent  is  employed  to  apportion  the  water  to  the  canal  stock- 
holders. 

The  same  lack  of  system  in  water  measurement  prevailed  for  a  long 
time  on  the  Pioneer,  the  Beardsley,  and  many  other  canals  before  they 
passed  entirely  into  the  ownership  or  under  the  control  of  the  large 
water  corporations. 


METHODS  OF  IRRIGATING  AND  DUTY  OF  WATER. 

Alfalfa  and  cereals  are  still  the  principal  crops  irrigated  with  Kern 
Biver  water,  although  during  a  few  years  orchard  and  vineyard  areas 
increased  rapidly  in  the  colony  tracts  north  of  the  river.  The  demand 
for  water  for  the  large  areas  represented  by  the  alfalfa  and  wheat  fields 
has  led  to  special  effort  to  minimize  the  expense  of  applying  water  to 
the  soil.  The  sjstem  of  wetting  the  soil  for  these  crops  is  generaUy  by 
flooding,  which  is  accomplished  in  various  ways.  The  most  primitive 
system,  rapidly  falling  into  disuse,  is  that  of  spreading  water  over  the 
surface  from  small  temporary  ditches,  sometimes  mere  plow  furrows, 
located  on  high  ground,  and  controlling  the  overflow  from  these.  Skill 
is  required  to  cover  the  whole  surface  with  water;  the  progress  of  irri- 
gation is  slow  and  the  system  is  expensive  because  much  labor  is  required 
to  control  the  water.  The  only  advantage  of  this  system  is  that  its 
first  cost  is  small. 

Irrigation  by  flooding  in  rectangular  checks  is  confined  to  occasional 
orchards  and  vineyards  and  small  tracts  of  alfalfa.  The  favored 
method  of  applying  water  is  by  flooding  in  contour  checks.  Low,  flat 
embankments,  generally  1 J  feet  in  height,  rarely  2  feet,  are  thrown  tip, 
which  closely  follow  contour  lines,  and  the  spaces  between  these  are 
divided  into  compartments  or  checks  by  means  of  cross  levees.  The 
areas  of  these  checks  range  from  less  than  1  acre  to  60  acres.  When  a 
tract  of  land  checked  in  this  way  is  to  be  irrigated,  water  is  admitted 
to  the  highest  checks  first,  and  as  soon  as  the  flooding  of  a  highest 
check  is  complete  its  water  is  drawn  off*  through  suitable  gates  to  the 
one  next  below,  into  which  the  irrigating  stream  is  turned  at  the  same 
time. 

The  labor  attached  to  this  system  of  irrigation  is  much  less  than 
that  required  by  the  method  of  wild  flooding,  but  the  first  cost  of  pre- 
paring land  is  considerable.  The  cost  of  land  preparation  wUl  of  coarse 
depend  upon  the  smoothness  of  the  surface  and  its  slope;  also  apon 
the  character  of  the  levees  between  compartments.  The  best  form  of 
these  levees  has  a  base  16  to  24  feet  in  width  and  slopes  so  flat  that 
any  kind  of  farming  implement  may  cross  them  in  any  direction. 
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The  following  example  of  cost  of  land  preparation  and  ditching  nnder 
the  Galloway  Ganal  has  been  taken  from  notes  by  Mr.  James  D. 
Schuyler:* 

The  ayerage  cost  per  acre  of  5,956  acres  prepared  in  this  way  was  as  foUows : 
Earthwork,  $1.64;  waste  or  drainage  gates,  $0.51;  total,  $2.15.  The  average  cost  of 
lateral  canals,  inoladiug  necessary  regolators  and  side  gates  to  supply  the  land,  was 
$4  per  acre,  making  the  total  cost  of  preparation  of  ground  $6.15  per  acre. 

These  check  levees  are  built  upon  1-foot  contours  with  about  20  feet  base;  the 
lateral  canals  are  from  one-fourth  to  one-half  mile  apart,  and  the  checks  range 
from  ten  to  fifty  acres  in  area.  From  15  to  20  miles  of  check  levees  are  required  per 
square  mile  of  land,  and  a  mile  of  levee  contains  3,060  cubic  yards.  The  soil  is  a 
sandy  loam,  easily  worked,  and  the  cost '  of  preparation  shown  above  is  probably 
less  than  the  average  cost  of  such  works  elsewhere. 

The  laterals  can  supply  water  to  the  checks  between  them  at  a  rate 
generally  between  100  and  200  second-feet,  the  amoant  of  water  ordi- 
narily admitted  at  one  time  into  a  check  being  about  50  to  70  second- 
feet  from  each  of  the  laterals  between  which  it  lies.  The  contours  on 
which  the  levees  are  constructed  are  from  0.5  to  1  foot  apart  in  vertical 
elevation.  One  foot  was  first  adopted  as  the  vertical  distance  between 
contours,  but  experience  has  proved  it  to  be  better  to  reduce  this  dis- 
tance, thereby  making  the  water  more  controUable  and  at  the  same 
time  reducing  the  area  of  the  checks. 

In  filling  large  checks  water  stands  long  on  the  lowest  ground.  It  is 
customary  to  draw  it  off  into  the  next  check  as  soon  as  the  whole  sur- 
face is  sut^merged.  But  it  is  found  that  the  portion  of  the  check  sub- 
merged for  the  shortest  period  of  time  produces  a  crop  equally  as  good 
as  that  from  any  other  portion.  All  percolation  in  localities  where 
water  stood  more  than  the  minimum  time  allowed  for  the  high  places 
is  therefore  a  waste  of  water.  This  waste  in  large  checks  is  frequently 
so  great  that  a  check  can  hardly  be  filled,  as  water  is  lost  by  percolation 
almost  as  fast  as  supplied.  Economy  of  time  and  water  would  there- 
fore seem  to  demand  checks  smaller  than  those  in  common  use  at  present 
to  the  north  of  Keru  Biver,  where  the  average  area  of  checks  is  about 
8  to  10  acres.  Moreover,  the  use  of  lower  check  levees  reduces  the 
obstructions  offered  by  the  check  system  to  farming  operations. 

It  can  be  shown  by  mathematical  demonstration  that  there  is  con- 
siderable loss  of  water  and  of  time  when  porous  soils  are  irrigated  in 
large  checks,  but  an  example  will  suffice. 

The  irrigation  of  a  00-acre  check  of  alfalfa  with  water  from  the  Gal- 
loway Ganal  commenced  at  5  o'clock  p.  m.  on  May  12, 1885.  All  parts 
of  the  check  were  covered  and  irrigation  was  complete  about  8  a.  m. 
on  the  following  day.  No  accidents  causing  loss  of  water  had  occurred. 
The  amount  of  water  entering  the  check  was  stated  to  have  been  about 
250  second-feet  (one-half  the  amount  then  flowing  in  the  Galloway 
Canal).  This  is  presumed  to  be  an  overestimate,  and  it  will  be  safe  to 
say  that  at  least  the  maximum  amount  ordinarily  delivered  from  two 

ifiept  state  Bngineer  of  California,  1880,  Fart  IV,  App.,  p.  85. 
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laterals  was  entering  the  check.    This  amount  woold  be  aboat  150 
second  feet. 

During  the  time  required  to  accomplish  the  irrigation  of  these  60 
acres  the  amount  of  water  entering  the  check  was  sufficient  to  have 
covered  it  to  a  depth  of  oyer  3  feet,  while  the  amount  in  the  check 
when  its  irrigation  was  complete,  and  which  was  in  part  available  for 
irrigation  in  lower  checks,  had  an  average  depth  of  about  0.75  foot. 
The  total  amount  absorbed  was  therefore  over  2.25  feet,  and  it  must  be 
presumed  that  much  more  water  sank  into  the  ground  in  those  parts  of 
the  check  which  were  lowest  and  had  water  standing  on  them  fifteen 
hours  than  in  those  parts  which  were  highest  and  were  submerged  only 
from  two  to  three  hours. 

For  economic  irrigation  the  volume  of  water  applied  and  the  areas 
of  the  checks  should  be  so  adjusted  that  no  portion  of  the  check  will 
be  under  water  more  than  twice  as.  long  as  the  period  of  desirable  inun- 
dation. In  porous  soils  the  full  head  of  water  can  generally  be  allowed 
to  flow  into  a  check  until  irrigation  is  complete.  In  heavy  soils  there 
is  less  danger  of  excessive  waste,  absorption  by  the  soil  is  less  rapid, 
and  the  head  of  water  may  be  reduced  as  soon  as  the  whole  surface  of 
the  check  is  submerged.  A  rapid  delivery  of  the  surplus  water  from 
an  irrigated  check  into  the  one  next  below  it  is  essential  to  economic 
irrigation  by  the  contour-check  method. 

Irrigation  from  the  Galloway  Oanal  in  May,  1885,  was  progressing  at 
the  rate  of  200  to  400  acres  per  day.  The  flow  of  the  canal  was  450  to 
475  second-feet.  In  other  words,  the  irrigated  tracts  were  receiving 
water  at  the  enormous  gross  rate  of  130,000  cubic  feet  per  acre,  equiv- 
alent to  an  average  depth  of  about  3  feet  over  all  lands  irrigated. 

A  new  system  of  irrigation  by  flooding  has  recently  been  tried  on 
some  of  the  land  commanded  by  ther  Calloway  Canal.  This  system 
consists  in  the  construction  of  parallel  levees  which  follow  lines  of 
greatest  slope  at  short  intervals.  These  levees  are  low,  not  over  1 
foot  high,  and  are  placed  50  to  200  feet  apart.  There  is  between  each 
two  a  long,  narrow  strip  of  land,  crossed  at  intervals  by  a  levee  at  right 
angles  to  the  embankment  on  each  side.  These  cross  levees  have  along 
their  bases  distributing  ditches  with  gates  on  their  lower  sides,  so 
arranged  that  water  can  be  admitted  into  the  compartment  between 
the  levees  lying  next  below.  Flooding  is  accomplished  by  admitting 
water  in  large  quantities  to  a  compartment  at  its  upper  end  and  allow- 
ing it  to  flow  in  a  broad,  shallow  sheet  to  the  lower  end.  Water  not 
absorbed  in  thus  passing  through  a  check  is  collected  at  the  upper  base 
of  the  lower  cross  levee  and  is  allowed  to  find  its  way  back  into  the 
distribnting  canals  for  use  at  points  below.  Only  laud  with  a  smooth 
snrface  aijd  of  very  slight  slope  can  be  irrigated  in  this  way.  The 
system  is  better  adapted  for  alfalfa  fields  than  for  grain  land,  because 
in  the  former  the  surface  of  the  soil  is  more  compact  and  the  plants 
offer  more  resistance  to  the  flowing  water. 
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The  following  examples  of  irrigatioD,  illastrating  the  duty  of  water, 
are  in  x>art  taken  from  Mr.  James  D.  Schuyler's  report  to  the  State 
engineer  in  1880.'  The  latter  ones  are  from  anpublished  data  collected 
and  prepared  for  the  use  of  the  State  engineer  in  his  final  pablicationy 
which  has  not  been  issaed. 

In  the  following  table  the  quantity  of  water  used  by  some  Chinese 
vegetable  gardeners  in  1879  from  the  Kern  Island  Canal,  near  Bakers- 
field,  is  noted.    The  data  on  which  the  table  is  based  are  reliable. 

Quaniity  of  water  used  dy  gardeners  in  1879  from  the  Kern  Uland  Canal,  near  Bakersfield, 


Nftme  of  irrigator. 


Sin  Hon. 
Ah  Cow. 
Ah6«e  . 
Ah  Song 
Ab  Long 
Sing  Lee 


,  A  verage ' 
j^^^.  Totid  water!  ^t?lK?^  _???*  ?(. 
gated. 


uaed. 


Aont. 

90.0 

.8 

SO.0 

8.2 

8.2 

10.0 


Oulfie/Mt. 
5,820,800 
1.831,840 
6. 375, 000 
2,761,200 
2,322,432 
1,058,880 


WKMJr 

nsecl  on 

acre. 

land. 

Feet. 

4.07 

$1.07 

88.20 

20.00 

3.00 

1.42 

19.70 

10.00 

17.00 

e.17 

8.80 

1.92 

Period  of  irrigation. 


Beo.,  Feb.  to  Jane  (inol.). 
Feb.,  Har.  to  June  (incl.). 
Jan.,  Mar.  to  June  (incl). 
Jan.  to  June  (incl.). 
Feb.  to  June  (incl.). 
Apr.  to  Jane  (inch). 


The  smaller  of  the  gardens  irrigated  have  a  stream  of  6  to  12  inches 
(0.12  to  0.24  second-foot)  running  continuously,  day  and  night. 

On  sees.  1  and  2,  T.  30  S.,  B.  27  E.,  2  miles  south  and  west  of  Bakers- 
field,  along  Panama  Slough,  where  the  land  receives  the  percolation  of 
several  channels,  natural  and  artiticial^  a  field  of  50  acres  of  alfalfa  is 
irrigated  in  six  days  and  nights  with  a  stream  equal  to  1^  second-feet, 
and  an  orchard  of  20  acres  is  irrigated  in  two  days  and  one  night  with 
the  same  amount.  The  discharge  would  be  equivalent  to  a  depth  of 
0.36  and  0.37  foot,  respectively,  over  the  land  irrigated.  The  soil  is  an 
alluvial  loam.  The  orchard  is  irrigated  once  a  month,  and  the  alfalfa 
field  once  or  twice  a  year,  or  more,  when  it  is  used  as  a  pasture. 

SE.  ^  sec.  30,  6^  miles  south  of  Bakerstield,  was  irrigated  first  in 
1878.  Four  acres  can  be  irrigated  in  twenty-four  hours  with  7  second- 
feet.  Allowing  a  loss  of  1  second-foot  in  transit  from  canal  to  lands, 
this  amount  would  be  equal  to  a  depth  of  3  feet  over  the  whole  area. 
The  soil  is  a  sandy  loam.  Surface  water  is  at  a  depth  of  6  feet,  rising 
to  3  feet  after  irrigation  and  subsiding  again.  The  crops  irrigated  are 
wheat,  barley,  beans,  sweet  potatoes,  alfalfa,  and  orchard  and  small 
fruits.  The  water  used  in  1878  cost  $1.03  per  acre,  and  in  1879  it  cost 
81  cents  per  acre. 

On  SW.  I  sec.  31, 7^  miles  soutji  of  Bakersfield,  a  first  irrigation  of  40 
acres  in  May  and  June,  1879,  was  eflbcted  with  1,209,600  cubic  feet  of 
water,  equivalent  to  a  depth  of  0.7  foot  over  the  whole  area.  The  land 
was  thoroughly  soaked  in  the  spring  by  a  break  in  the  canal,  and 
received  the  benefit  of  constant  percolation.    Cost  per  acre  of  the  only 
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irrigation  given  was  25  cents.    The  soil  is  a  sandy  loam  containing 
decayed  vegetable  matter.    Crops,  cereals. 

On  sec.  32, 7^  miles  soath  of  Bakersfield,  from  Joly  23  to  29,  inclasive, 
six  days,  40  acres  were  tboronghly  saturated  with  a  discharge  of  7.73 
second-feet,  equivalent  to  a  depth  of  2.3  feet  over  the  whole  area.  The 
land  had  been  irrigated  bat  once  before  this  season — the  first  week  of 
May.  It  wshs  dry  to  a  depth  of  6  inches,  while  surface  water  stood  at 
a  depth  of  3.75  feet  below  surface.  The  land  was  first  irrigated  in  the 
spring  of  1878,  when  surface  water  stood  at  a  depth  of  17.5  feet.  After 
first  irrigation  it  rose  to  12  feet;  after  first  irrigation  in  1879  it  rose  to 
3.75  feet,  where  it  remains.  The  soil  is  an  alluvial  sandy  loam,  mixed 
with  partially  decayed  tule  roots  to  a  depth  of  17  feet,  and  underlain 
by  a  stratum  of  clay  12  to  14  inches  thick.  The  crops  are  wheat,  barley, 
alfalfa,  and  com.  The  average  number  of  irrigations  during  the  season 
is  about  one  and  a  half.  The  average  cost  of  water  per  acre  is  70 
cents.  The  average  cost  of  labor  (Chinese)  per  irrigation  is  8  to  10 
cents.  A  part  of  the  land  is  irrigated  by  the  check  system,  and  a  part 
by  the  small  ditch  or  wild  flooding  system. 

On  sec.  5,  T.  31  S.,  E.  28  E.,  8^  miles  from  Bakersfield,  adjoining  tbe 
last-named  section,  with  similar  soil,  and  cultivated  the  same  length  of 
time,  a  record  was  kept  of  the  quantity  of  water  used  for  the  second 
irrigation  of  a  tract  of  150  acres  of  com.  The  total  discharge  in  twenty- 
one  days  was  16,004,736  cubic  feet,  sufficient  to  have  covered  the  land 
to  a  depth  of  2.45  feet.  The  land  had  been  irrigated  in  February  or 
March  for  wheat,  but  it  was  so  late  that  only  weeds  sprouted.  In  Jane 
the  land  was  irrigated  again  to  prepare  it  for  corn,  and  the  last  irriga- 
tion noted  above  was  from  July  23  to  August  12.  The  total  cost  of 
labor  employed  for  tbe  last  irrigation  of  corn  was  $80.50,  or  53.67  cents 
per  acre.  The  total  cost  for  water  and  labor  was  $1.20  per  acre.  The 
total  cost  of  water  used  on  the  section  during  the  season  for  350  acres 
of  wheat  and  15p  acres  of  corn  was  $452.32,  or  90.5  cents  per  acre. 

On  sec.  7,  T.  31  S.,  B.  28  E.,  the  first  irrigation  of  50  acres  of  corn  (the 
land  having  been  wet  before  plowing  in  May)  was  accomplished  in  ten 
days— July  21  to  30 — with  an  average  discharge  of  7.2  second-feet, 
equivalent  to  a  depth  of  2.86  feet  over  the  whole  area.  The  total  cost 
for  water  was  31  cents  per  acre.  The  total  cost  of  water  tor  the  season 
for  irrigation  of  90  acres  of  wheat  and  barley,  50  acres  of  corn,  and  70 
acres  of  alfalfa  was  55  cents  per  acre.  The  soil  was  in  part  black,  stiff 
loam,  almost  adobe  in  texture,  in  part  loam  mixed  with  sand,  and  in 
part  coarse  sand  underlain  by  quicksand.  Most  of  the  land  nnder 
cultivation  was  irrigated  this  year  for  tbe  first  time.  The  ranch  ooold 
nearly  all  be  subirrigated,  but  the  owner  preferred  the  small  ditch  sys- 
tem. He  thinks  that  next  year  his  land  will  absorb  not  more  than 
one-half  the  water  it  has  this  year. 

On  sees.  21,  28,  and  33,  T.  31  S.,  R.  28  E.,  and  sec.  4,  T.  32  S.,  B.  28 
E.,  12  miles  from  Bakersfield,  in  the  vicinity  of  Kern  Lake,  800  acres 
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of  wheat,  corn,  and  alfalfa  were  irrigated  once,  250  acres  irrigated 
twice,  and  100  acres  three  times.  The  entire  acreage  required  a  total  of 
66,450,000  cnbic  feet  of  water  during  the  seasons-equivalent  to  a  depth 
of  1.33  feet  at  each  irrigation.  The  average  cost  of  water  was  50  cents 
per  acre  for  the  season.  The  soil  is  a  stiff,  black  loam,  1  to  2^  feet  thick, 
underlain  by  yellow  clay  2  to  4  feet  thick,  beneath  which  surface  water 
is  abundant  in  a  stratum  of  sand.  Moisture  is  also  found  above  the 
clay,  maintained  by  drainage  of  lands  above. 

On  sec.  4,  T.  31  S.,  B.  27  E.,  in  one  experiment  3^  acres,  prepared  with 
care,  leveled,  and  checked  with  proper  levees,  were  covered  in  fifteen 
hours  with  an  average  discharge  of  2§  second-feet,  equivalent  to  a 
depth  of  0.87  foot  over  the  whole  area.  The  land  lies  adjacent  to 
Panama  Slough,  from  which  it  receives  moisture  by  percolation.  The 
soil  is  a  sandy  loam  of  considerable  depth.  The  surface  water  is  8  feet 
below  the  surface.    The  land  had  been  irrigated  four  or  five  years. 

At  Livermore  Banch  (Greenfields),  sees.  18, 20, 29, 30, 31, 32,  T.  31  S., 
B.  29  E.,  and  sec.  5,  T.  32  S.,  B.  29  E.,  the  average  number  of  water- 
ings required  is  IJ — one  general  irrigation  and  a  second  irrigation  on 
the  drier  spots.  The  average  cost  per  acre  for  labor  of  irrigation  is  12 
to  15  cents.  The  average  cost  for  the  toason  for  labor  and  water  is 
$1.50  per  acre.  The  water  was  shut  off  from  March  17  till  May  15, 
causing  the  failure  of  300  acres  of  barley  and  600  acres  of  wheat  that 
had  been  sown.  No  data  could  be  obtained  as  to  the  quantity  of  water 
used  per  acre.  The  ranch  being  at  the  terminus  of  the  main  canal  and 
the  central  branch,  the  supply  fluctuates  according  to  the  demands  from 
the  lands  above. 

Mr.  Schuyler  says:  <^ These  examples  are  all  taken  from  lands 
requiring  comparatively  little  water,  as  they  are  all  subject  to  percola- 
tion from  numerous  sources.  Most  of  the  lands  referred  to  are  irri- 
gated from  the  Kern  Island  Canal.  This  being  the  only  canal  in  the 
county  from  which  water  is  sold  by  measurement,  the  data  afforded 
regarding  the  cost  of  irrigation  and  the  quantity  consumed  are  more 
definite  and  reliable  than  any  that  could  be  obtained  elsewhere." 

A  few  other  examples  may  be  given  as  approximately  correct  to  illus- 
trate the  thirstiness  of  other  classes  of  soils. 

On  Bellevue  Banch,  T.  30  S.,  B.  27  E.,  no  exact  data  as  to  volume  of 
water  used  could  be  obtained.  The  average  number  of  irrigations 
required  for  cereals  is  two  to  three,  one  being  sometimes  sufficient  in 
seasons  of  favorable  rainfall.  For  alfalfa  three  or  four  irrigations  are 
generally  needed;  for  corn  two  are  sufficient.  The  soil  is  sandy,  with 
streaks  of  heavy  loam  marking  the  course  of  old  sloughs. 

On  McGluug  Banch,  sees.  3,  4,  nrnd  5,  T.  30  S.,  B.  26  E.,  and  sec.  1  in 
township  adjoining,  the  first  year  of  irrigation  (1874)  a  ditch,  de- 
scribed as  <^12  feet  wide  on  bottom,  2  feet  deep,  with  a  good  average 
flow,''  was  discharged  for  seven  months  upon  100  acres  before  the  land 
was  saturated.    If  this  be  true,  such  a  ditch,  with  side  slopes  1  to  1  and 


72  IRRTQATION   NEAK   BAKEBSFIELD,    CALIFORNIA.  Vko.H. 

grade  of,  say,  2  feet  i)er  mile,  would  baye  discharge  enough  water  in 
that  time  to  cover  the  land  166  feet  deep.  The  water  was,  of  course, 
not  coutined  to  the  immediate  neighborhood  of  the  tract  upon  which  it 
was  discharged,  but  spread  for  miles  in  underground  channels,  filling 
up  the  loose  porous  soil  to  a  depth  of  several  feet.  The  average  head 
of  water  which  one  man  can  conveniently  handle  in  irrigating  on  the 
McClung  Ranch  is  what  will  pass  through  a  gate  4  feet  wide  with  a 
depth  of  overfall  of  about  1  foot,  equivalent  to  about  13  second  feet, 
and  with  this  from  1  to  6  acres  per  day  (of  twelve  hours)  can  be  irri- 
gated. This  discharge  is  sufficient  to  cover  the  land  from  2  to  13  feet 
deep.  Tbe  land  has  been  irrigated  from  three  to  four  years,  and  absorbs 
a  trifle  less  each  year;  but  if  irrigation  be  suspended  for  one  season  the 
surface  moisture  drains  away,  and  the  following  year  much  more  would 
be  required  than  would  have  sufficed  the  previous  year.  This  is  the 
case,  to  a  greater  or  less  extent,  in  all  parts  of  the  valley  of  Kern  Biver. 
On  the  lands  cited  in  this  example  one  thorough  soaking  is  sufficient 
to  produce  a  crop  of  cereals,  with  enough  rainfall  to  sprout  the  grain. 
With  no  rain  two  irrigations  are  required — one  to  prepare  the  land,  the 
other  to  mature  the  crop.  Alfalfa  requires  three  to  four  waterings 
through  the  season  to  maintain  a  vigorous  growth.  The  soil  is  a  coarse 
sand  and  sandy  loam  of  great  depth. 

In  sec.  13,  T.  29  S.,  B.  27  E.,  on  a  strip  of  bottom  land  between  tbe 
McOord  Canal  and  Galloway  Slough,  80  acres  of  alfalfa  have  been  irri- 
gated in  four  days  and  nights  with  a  discharge  of  about  6  second-feet, 
sufficient  to  have  covered  the  ground  to  a  depth  of  0.6  foot.  The  land 
had  been  irrigated  for  two  or  three  years.  The  soil  is  an  alluvial  loam 
having  an  elevation  of  but  5  or  6  feet  above  the  river,  and  receiving 
constant  moisture  from  below  by  percolation.  The  crop  was  irrigated 
twice  during  the  season  prior  to  August  1. 

On  sec.  14,  T.  29  S.,  B.  27  E.,  with  a  discharge  equal  to  about  2  second- 
feet  2  acres  of  corn  can  be  covered  in  a  day  of  twelve  hours,  equiv- 
alent to  a  depth  of  about  2  feet  over  the  whole  area.  This  example 
was  given  as  the  fourth  and  last  irrigation  of  the  tract  in  the  season, 
the  land  having  been  wet  once  before  seeding  and  three  times  after. 
The  land  had  been  irrigated  several  years.  The  soil  is  a  brown  sandy 
loam  1  to  6  feet  deep,  underlain  by  hardpan  not  wholly  impervious. 

On  sec.  8,  T.  29  S.,  B.  27  E.,  alfalfa  is  said  to  require  irrigation  twice  a 
month.  Wl^eat  is  irrigated  once  before  and  twice  after  planting. 
Corn  requires  five  irrigations,  the  first  of  which  is  given  before  seed- 
ing, in  May,  the  last  in  the  latter  part  of  July.  The  soil  is  a  sandy 
loam  2  feet  deep,  underlain  by  2  feet  of  yellow  hardpan.  No  data  as 
to  quantity  of  water  required  at  each  irrigation  were  obtained. 

On  sec.  27,  T.  28  S.,  B.  26  E.,  the  first  irrigation  was  in  1879.  Wheat 
required  three  or  four  irrigations,  one  prior  to  sowing.  The  land  was 
irrigated  by  the  check  system,  by  which  two  men  could  water  160  acres 
in  four  days,  at  a  cost  of  about  10  cents  per  acre  per  irrigation  for 
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labor.  The  soil  is  siiiular  iu  character  to  that  cited  in  the  foregoing 
example. 

At  Poso  Ranch,  sec.  9,  T.  27  S.,  R.  25  E..  a  test  was  attempted  to  ascer- 
tain, if  possible,  the  quantity  of  water  absorbed  by  the  desert  lands 
on  the  plains  north  of  Kern  River,  now  supplied  by  the  Galloway  Canal. 
A  check  containing  3|  acres  was  prepared  and  water  was  admitted  in  as 
great  quantity  as  was  expedient  for  the  safety  of  the  newly  bailt  banks 
about  the  gates.  An  hourly  record  of  the  head  was  kept,  the  discbarge 
being  from  4  to  9  second-feet.  Eleven  hours  were  required  to  fill  the 
check  sufficiently  to  barely  cover  the  highest  ground,  when  the  water 
was  shut  off.  Next  morning  all  the  water  had  soaked  away.  The 
quantity  discharged  was  sufficient  to  have  covered  the  whole  area  to  a 
depth  of  1.75  feet.*  A  portion  of  the  area  doubtless  absorbed  live  times 
as  much  as  the  higher  spots,  as  the  percolation  seemed  to  be  entirely 
downward,  and  not  in  a  lateral  direction.  Three  weeks  later  the  check 
was  filled  in  four  hours  and  twelve  minutes,  with  an  average  discharge 
of  13.^  second-feet,  the  ground  being  covei*ed  to  an  average  depth  of 
1.25  feet.  Some  time  between  these  two  experiments  the  land  was 
flooded  by  the  breaking  of  a  check  above.  The  total  quantity  absorbed 
by  the  three  waterings  was  probably  not  less  than  4  to  5  feet.  The  soil 
is  a  brown  sandy  loam,  of  unknown  depth,  but  probably  greater  than 
20  feet  to  hardpan. 

All  of  the  above  examples,  illustrating  at  once  the  practice  of  irriga- 
tion and  the  amount  of  water  required,  are  the  result  of  inquiries  and 
experiments  made  in  1879.    To  these  the  following  can  now  be  added. 

On  sec.  30,  T.  30  S.,  R.  28  E.,  in  August,  1881,  water  from  the  Kern 
Island  Canal  was  used  ibr  five  days  to  the  extent  of  3.03  second-feet 
for  the  irrigation  of  30  acres  of  corn.  The  amount  of  water  was  equiv- 
alent to  1.21  feet  over  the  entire  area.  The  water  was  applied  by  the 
furrow  system  of  irrigation.  The  soil  is  very  variable,  generally  light 
and  loamy.  Its  character  ranges  from  pure  sand  to  black  adobe.  Soil 
water  is  at  a  depth  of  8  or  9  feet.' 

On  the  same  section  as  the  last,  60  to  70  acres  of  wheat  were  irrigated 
by  flooding  in  checks  lying  between  contour  lines.  The  surface  of  the 
ground  is  smooth  but  not  level.  Water  was  used  for  eleven  days 
in  December,  January,  and  February,  at  the  rate  of  3.61  second-feet, 
equivalent  to  a  depth  of  1.21  feet  over  the  whole  surface.  It  was  again 
used  for  eight  days  in  March,  at  the  rate  of  3.26  second-feet,  equivalent 
to  a  depth  of  0.97  feet  over  the  entire  surface.  The  ground  received 
another  irrigation  between  April  1  to  5,  four  days  in  all;  water  was 
used  at  the  rate  of  S.'^O  second-feet,  and  the  equivalent  average  depth  of 
water  over  the  entire  surface  was  1.37  feet.  The  whole  amount  of  water 
consumed  in  the  irrigation  of  the  wheat  was  therefore  equivalent  to  an 
average  depth  of  4.18  feet  of  water  over  all.  Alfalfa  was  irrigated  on 
the  same  section  to  the  extent  of  50  to  60  acres.  The  water  used  for  it 
prior  to  the  end  of  May,  1882,  was  5.20  second-feet  for  fourteen  days  in 
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March,  and  7.36  second-feet  for  fifteen  days  in  May.  The  amount  of 
water  which  the  alfalfa  field  received  in  these  two  irrigations  was 
equivalent  to  a  depth  of  6.6  L  feet.  It  was  proposed  to  give  it,  and 
it  probably  received,  two  more  irrigations  subsequent  to  the  two  here 
noted. 

Sec.  31,  T,  30  S.,  E.  28  E.,  has  a  loamy  soil  which  does  not  crack  or 
bake  in  drying,  contains  a  small  excess  of  alkali,  and  ranges  in  tex- 
ture from  sand  to  black  adobe.  In  1881  wheat  to  the  extent  of  125 
acres  was  irrigated  by  flooding  in  checks.  The  surface  of  the  ground 
is  smooth  but  not  level.  The  ground  was  wet  before  plowiag  in  Janu- 
ary. The  amount  of  water  it  received  at  that  time  was  equivalent  to  a 
layer  5.01  feet  thick.  It  received  a  subsequent  irrigation  equivalent 
to  a  depth  of  0.69  foot  of  water.  The  tot^al  average  depth  of  water 
delivered  to  the  land  was  therefore  5.70  feet. 

On  the  same  section,  in  1882,  a  wheat  field  of  350  acres  was  supplied 
with  water  for  sixteen  days  in  the  first  part  of  January.  Water  was 
used  at  the  rate  of  3.26  second-feet,  equivalent  to  an  average  depth  of 
0.30  foot.  It  received  water  again,  at  the  rate  of  7.41  second-feet,  from 
April  1  for  seventeen  days,  equivalent  to  0.76  foot  in  depth  over  the 
whole  area.  For  fourteen  days,  from  April  25  to  May  8,  it  again 
received  water,  at  the  rate  of  8.60  second-feet,  equivalent  to  a  depth  of 
0.66  foot  over  the  whole  area.  The  aggregate  average  depth  of  water 
received  by  this  whole  tract  in  1882  was  therefore  1.72  feet. 

On  sec.  6,  T.  31  S.,  B.  28  E.,  having  soil  of  the  same  character  as  that 
described  above  tor  sec.  31, 120  acres  of  corn  land  were  irrigated,  from 
April  18  to  24,  in  1882.  This  irrigation  was  preparatory  to  the  planting, 
and  was  equivalent  to  a  depth  of  0.78  foot  over  the  whole  surface  of  the 
land.    The  corn  received  one  more  irrigation. 

On  sec.  32,  T.  30  S.,  K.  28  E.,  whose  soil  is  mostly  a  sandy  loam,  but 
ranges  from  pure  sand  to  a  dark  vegetable  loam,  130  acres  of  wheat 
were  irrigated  in  March  and  April,  1881.  The  head  of  water  used  was 
9.91  second-feet.  The  depth  to  which  it  would  have  covered  the  ground 
averaged  2.34  feet.    Ground  water  is  at  about  17  feet  below  the  surface. 

On  the  same  section,  in  May,  June,  and  July,  1881,  80  acres  of  corn 
received  water  to  the  extent  of  an  average  depth  over  all  of  6.35  feet. 
The  head  of  water  was  9.91  second-feet.  On  the  same  section  a  6-acre 
orchard  was  irrigated  in  August  and  September,  1881,  and  received 
water  enough  to  cover  the  6  acres  4.53  feet  deep.  The  water  used  was 
4.56  second-feet.  On  the  same  section,  in  March,  1882,  an  old  alfalfa 
field  of  100  acres  was  irrigated  and  absorbed  water  equivalent  to  a 
depth  of  2.52  feet.  The  head  of  water  used  was  12.10  second-feet.  On 
the  same  section,  in  March,  1882,  newly  sown  alfalfa  was  irrigated;  its 
area  was  120  acres.  It  received  water  at  the  rate  of  12.10  second-feet 
The  total  amount  of  water  it  received  was  equivalent  to  a  depth  of  2^2 
feet  over  the  whole  area*    It  was  again  irrigated  in  May,  receiving  &60 
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second -feet  for  eight  days,  or  sufficient  water  to  cover  it  0.98  foot  deep. 
It  was  proposed  to  give  the  newly  sown  alfalfa  one  more  irrigation  in 
1882. 

On  sec.  7,  T.  31  S*,  B.  28  E*^  whose  soil  varies  from  a  light  sandy  loam 
to  a  black  sandy  vegetable  mold,  with  ground  water  at  from  4  to  10  feet 
below  the  surface,  300  acres  were  sown  to  wheat  in  1882;  alfalfa  was 
sown  with  the  wheat.  The  ground  was  not  irrigated  before  sowing. 
The  irrigation  of  this  tract  commenced  on  February  25  and  was  com- 
pleted on  April  6;  wat«r  was  used  for  forty-one  days  at  the  rate  of  8.21 
second-feet.  The  total  amount  consumed  in  irrigating  the  300  acres 
was  equivalent  to  a  layer  2.22  feet  thick  over  all.  The  wheat  did  not 
require  any  further  irrigation.  The  young  alfalfa  was  irrigated  again 
after  the  wheat  had  been  harvested. 

IRRIGATION  FROM  P080  CREEK. 

Poso  Greek  is  a  small  foothill  stream  just  northward  from  Eem  River, 
which  flows  for  several  months  each  year.  Its  drainage  basin  has  an 
area  of  about  289  square  miles.  The  creek  has  not  been  used  to  any 
considerable  extent  for  irrigation,  because  there  is  but  little  land  that 
can  be  commanded  with  its  water  except  at  considerable  expense,  and 
because  its  brief  irregular  flow  did  not  seem  to  justify  works  to  benefit 
large  sections.  It  was  not,  therefore,  until  the  irrigation-district  law 
went  into  effect  that  a  combination  of  interests  led  to  the  projection 
and  partial  execution  -of  works  of  considerable  magnitude.  Several' 
small  private  ditches  were  in  use  before  the  organization  of  the  Poso 
irrigation  district,  bat  no  complete  list  of  these  is  available.  One  of 
them  is  the  Purcell  Ditch,  which  takes  water  fi'om  the  south  side  of 
Poso  Greek,  about  8  miles  above  Poso.  The  ditch  was  made  12  feet 
wide  and  2  feet  deep,  and  was  in  use  in  1885  for  the  irrigation  of  about 
400  acres  of  alfalfa,  immediately  below  the  head  of  the  ditch  and  adja- 
cent to  the  creek.  Another  ditch,  on  the  south  side  of  the  creek,  is  the 
Creasey  Ditch,  constructed  in  1885  for  the  irrigation  of  300  acres  of 
land  about  4  miles  above  Poso.  The  head  of  the  ditch  is  about  2  miles 
below  the  head  of  the  Purcell  Ditch.  It  was  made  16  feet  wide  on  the 
bottom*  The  Rhymes  and  Hughes  ditches  are  small  ones,  somewhere 
in  the  foothill  section  drained  by  the  creek,  concerning  which  nothing 
definite  is  known  except  that  they  were  in  use  for  many  years* 

POSO   IRRIGATION  DISTRICT. 

This  district  was  organized  in  1888.  Its  bond  issue  is  $500,000.  It 
has  an  area  of  about  40,000  acres,  located  to  the  north  of  Poso  Greek, 
at  the  western  base  of  the  Sierra  Nevada  foothills,  in  Kern  Couhty. 
The  contemplated  works  for  the  irrigation  of  the  district  are  far 
advanced,  though  not  yet  completed.  Much  work  on  them  was  done  by 
day's  labor  before  it  was  decided  to  be  advantageous  to  let  contracts. 
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Water  for  the  district  lands  is  to  be  obtained  from  a  system  of  reser- 
voirs in  the  drainage  basin  of  Poso  Creek,  which  are  to  supplement  the 
creek's  nataral  flow.  The  first  reservoir,  now  constructed,  is  formed 
by  means  of  an  earthwork  dam  to  be  raised  to  a  maximum  height  of 
70  feet,  but  now  only  half  finished.  Its  capacity -when  completed  will 
be  about  7,000  acre-feet.  From  it  water  flows  in  the  channel  of  Poso 
Creek  about  7  or  8  miles  to  a  point  where  it  is  diverted  into  a  flume  by 
means  of  a  granite  dam,  whose  greatest  height  is  about  16  feet.  The 
flume  shown  in  PI.  XIY,  A  and  J9,  is  about  3  miles  long  and  delivers 
its  water  into  an  apparently  well-constructed  hillside  ditch  which  has 
a  length  of  about  30  miles  before  reaching  the  district.  Two  other 
flumes  are  in  use  on  the  canal  line  to  carry  the  water  over  deep  ravines. 
The  flumes  have  a  width  of  8  feet  and  are  planned  to  carry  water  4 
feet  deep.  Water  was  sent  through  the  canal  for  the  first  time  this 
season,  but  only  for  the  purpose  of  testing  the  work.  This  upper  dis- 
trict canal  is  supplemented  by  a  lower  canal  which  leaves  the  creek 
about  10  miles  above  Famosa  and  commands  the  western  x>ortion  of 
the  district.  This  lower  canal  is  in  service,  but  irrigation  is  extending 
very  slowly. 

IRRIGATION  FROM  BEER  CREEK. 

Deer  Creek  is  a  small  stream  draining  about  110  square  miles  of  Sierra 
Nevada  foothill  lands  lying  southward  from  the  Tule  Uiver  basin.  It 
^flows  into  San  Joaquin  Valley  during  several  months  of  the  year;  rarely, 
however,  as  late  as  July.  Its  water  ordinarily  sinks  within  10  or  12 
miles  of  the  foothills,  but  occasional  freshets  have  sent  it  as  far  as 
Tulare  Lake.  The  summer  flow  of  the  creek,  which  is  very  small,  does 
not  reach  the  San  Joaquin  Valley  lands. 

Winfield  Ditch. — ^This  is  a  small  ditch  on  the  south  side  of  Deer  Greek, 
having  its  head  about  4  miles  above  the  point  where  the  creek  breaks 
out  upon  the  main  valley  plain.  It  was  constructed  in  1858,  is  between 
3  and  4  miles  long  and  3  to  4  feet  wide,  and  supplies  water  to  several 
hundred  acres  of  creek  bottoms.  It  has  been  in  use  continuously  since 
its  construction.  The  entire  low-water  flow  of  the  creek  is  taken  into 
the  ditch. 

Carothers  Ditch. — The  head  of  this  ditch  is  on  the  north  side  of  Deer 
Creek,  about  a  mile  above  the  point  where  the  creek  reaches  the  border 
of  San  Joaquin  Valley.  It  was  constructed  in  1885,  but  takes  its  name 
from  an  older  ditch  (constructed  in  1868)  which  had  for  many  years 
been  out  of  service.  It  has  a  westerly  course,  and  is  about5  miloH  long 
and  4  feet  wide  on  the  bottom. 

Deer  Creek  Consolidated  Ditch  (Bausalito  Ditch). — ^This  is  the  principaJ 
irrigation  work  on  Deer  Creek.  The  head  of  the  ditch  is  on  the  south 
side  of  Deer  Creek,  about  12  miles  in  a  direct  line  above  Belleville  and 
about  3  miles  below  the  head  of  Carothers  Ditch.    The  ditch  is  carried 
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along  the  south  side  of  Deer  Greek,  close  to  the  creek  channel,  for  a  dis- 
tance of  nearly  8  miles;  thence  its  course  is  diagonally  across  the  creek 
bed  to  its  north  side.  From  this  poiiit  the  course  of  the  ditch  is  west- 
erly and  southwesterly,  in  a  number  of  branches,  which  deliver  water  to 
lands  lying  to  the  east  and  northeast  of  Belleville.  The  crossing  of 
the  sandy  bed  of  Deer  Greek  is  effected  between  embankments  of  sand, 
which  are  sure  of  destruction  during  freshets,  but  which  are  quickly 
restored.  The  lower  portion  of  this  ditch  system  was  constructed  in 
1875  and  1876.  Two  sets  of  farmers  commenced  operations  independ- 
ently, but  soon  found  it  advantageous  to  unite  their  interests  and 
construct  a  ditch  in  common.  It  was  soon  -found  necessary  to  substi- 
tute an  artificial  channel  on  firm  ground  for  the  porous  creek  bed  from 
the  foothills  to  the  head  of  the  original  ditch,  and  this  led  to  the  con- 
struction of  the  upper  section  of  the  ditch  in  1878.  The  main  ditch 
has  somewhat  irregular  dimensions.  Its  bed  width  is  generally  about 
10  feet.  Its  capacity  has  been  estimated  at  40  second  feet.  The 
capacity  of  the  lower  section  of  the  ditch,  on  the  north  side  of  the 
creek,  is  about  30  second-feet.  The  cost  of  this  irrigation  system,  which 
furnishes  water  to  3,000  acres  of  land,  was  about  $20,000. 

When  the  consolidation  of  interests  by  those  desiring  to  use  water 
near  Belleville  was  effected,  it  was  determined  to  establish  water  rights 
that  should  become  appurtenant  to  specified  tracts  of  land.  This  plan 
could  not  be  adhered  to,  however,  owing  to  insufficiency  of  the  water 
supply  from  the  creek,  which  made  it  impossible  to  deliver  water  to 
many  of  the  tracts  westward  from  Belleville  for  which  water  was 
wanted.  It  was  found  necessary  to  confine  the  delivery  of  water  to 
consumers  near  and  above  (east  of)  Belleville,  and  these  have  become 
the  st<>ckholders  in  the  company  which  owns  and  manages  the  ditch. 

During  the  irrigating  season  (generally  November  to  the  end  of  June) 
a  ditch  superintendent  is  in  charge  of  water  distribution.  Water  is 
delivered  to  the  several  branches  in  proportion  to  the  number  of  shares 
of  stock  for  which  each  is  to  Receive  water.  As  soon  as  -the  water 
becomes  insufficient  to  meet  the  demands  of  irrigators  the  ordinary 
system  of  using  it  in  rotation  is  adopted.  Eight  hours  is  usually  fixed 
as  the  time  of  a  run  per  share.  No  water  is  sold,  and  all  expenses  are 
assessed  upon  the  stockholders.  Management  and  repairs  cost  about 
$1,000  per  annum.  About  one-third  of  the  area  irrigated  is  alfalfa; 
the  rest  is  orchard,  vineyard,  summer  crops,  and  some  grain.  Iriiga- 
tion  is  accomplished  by  flooding  in  small  rectangular  checks.  The 
preparation  of  the  ground  to  receive  water  was  inexpensive,  its  original 
surface  having  been  very  smooth.  The  soil  is  a  sandy  loam.  At  about 
3  feet  below  the  surface  is  a  stratum  sufficiently  hard  to  be  called  hard- 
pan.  As  usual  in  irrigated  districts  on  the  plains,  irrigation  has  pro- 
duced a  permanent  effect  upon  the  elevation  of  ground  water.  This 
was  originally  found  at  a  depth  of  17  feet  below  the  surface;  it  is  now 
at  9  to  12  feet. 
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hydrography. 

Tnle  River  enters  San  Joaquin  Valley  at  Portel'ville,  with  a  drainage 
area  above  that  point  of  437  square  miles.  The  river  has  a  perennial 
flow  throughout  its  mountain  and  foothill  portions,  but  not  at  points 
below  Porterville,  near  where  the  last  remnant  of  its  water  during 
very  low  stages  sinks  into  its  sandy  bed.  During  the  months  of  May 
and  June  the  flow  of  the  river,  as  estimated  Ibr  the  six  years,  1878  to 
1884,  was  over  1,000  second-feet.  Its  mean  flow  for  that  entire  period 
was  about  450  second- teet.  From  IiTovember  to  January  the  mean  flow 
was  130  second-feet.  It  was  636  second-feet  from  February  to  April, 
941  second-feet  from  May  to  July,  and  139  second-feet  from  August  to 
October.* 

Below  Porterville  this  water  flows  in  several  channels,  one  of  which, 
Porter  Slough,  has  its  head  on  the  north  side  of  Tule  River,  about  3 
miles  above  Porterville.  The  water  not  in  this  slough  remains  in  the 
main  channel  for  about  10  miles,  then  separates  into  a  network  of 
channels  having  a  general  westerly  course,  and  is  Anally  delivered 
into  Tulare  Lake.  The  main  stream  crosses  the  Southern  Pacific  Rail- 
road about  2^  miles  north  of  Tipton.  Water  rarely  flows  in  this  part 
of  the  river  more  than  four  months  of  the  year. 

The  Tule  River  channels  are  barely  of  sufficient  capacity  to  pass 
ordinary  freshets.  This  is  particularly  noticeable  westward  from 
Woodville  on  all  the  many  channels  into  which  the  river  is  subdivided. 
The  resulting  bank-land  inundations  are  of  considerable  extent  and  are 
an  important  supplement  to  artificial  irrigation.  The  ready  overbank 
escape  of  the  freshet  waters  of  the  river  and  the  very  smooth  surface 
of  the  delta  lands  greatly  facilitate  the  diversion  of  water  into  ditches 
and  canals,  which  have  become  very  numerous.  Many  of  these  are, 
however,  mere  cuts  into  the  bank,  into  which  water  flows  when  the 
river  is  high  and  which  become  dry  soon  after  the  river  recedes  from 
its  highest  stage. 

Wliere  there  are  so  many  small,  relatively  unimportant  diversions  as 
from  the  several  channels  of  Tule  River,  a  minute  description  of  each 
work  will  not  be  attempted,  and  in  many  cases  a  mere  mention  of 
name,  general  position,  and  time  of  first  use  must  suffice. 

CANALS  AND  DITCHES. 

South  Tule  River  2>ite/«.— This  (sometimes  called  Campbell  Ditch)  is 
the  uppermost  ditch  on  the  south  side  of  Tule  River,  though  by  no 
means  the  first  in  time  of  construction.  The  diversion  of  water  from 
the  river  is  made  at  the  head  of  an  older  ditch,  known  as  the  Wilcox, 
at  a  point  about  8  miles  above  Porterville.    The  ditch  skirts  the  base 

1  California  Physical  Date  and  Stetiatics,  Wm.  Ham.  Hall,  Stete  Engineer,  pp.  468  and  i78. 
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of  the  hills,  commanding  a  narrow  strip  of  valley  land  which  lies 
between  the  hills  and  the  river.  It  is  about  6  feet  wide  on  the  bottom, 
and  has  irrigated  but  a  few  acres.  Its  construction  was  commenced  in 
1879. 

Wilcox  Ditch. — ^The  diversion  of  water  into  the  Wilcox  and  South 
Tule  Biver  ditches  is  accomplished  by  means  of  an  inexpensive  wing 
dam  of  cobbles  and  brushwork.  One  channel  in  common  is  utilized 
for  the  water  of  both  ditches  for  about  a  quarter  of  a  mile.  The  Wil- 
cox Ditch  lies  between  the  South  Tule  River  Ditch  and  the  river.  It 
was  constructed  about  1855  for  the  irrigation  of  a  small  tract  of  land  2 
miles  below  its  head.    The  ditch  is  about  3  feet  wide  on  the  bottom. 

Flano  Ditch. — For  the  irrigation  of  lauds  in  the  vicinity  of  Piano,  a 
small  settlement  on  the  south  side  of  Tule  Biver,  directly  opposite 
Porterville,  a  small  ditch  was  constructed  in  1863.  It  takes  water 
from  the  south  side  of  the  river,  about  3  miles  in  a  direct  line  from 
Flano.  It  gradually  withdraws  from  the  river,  crossing  the  river  bot- 
toms to  the  base  of  the  hills,  and  skirts  the  base  of  <^  SugarloaP  just 
to  the  east  of  Piano.  Thence  its  course  is  southwesterly  through 
Piano  to  a  termination  about  1  mile  west  of  the  village.  The  dimen- 
sions of  the  ditch  are  irregular;  its  capacity  is  about  16  second-feet. 
It  supplies  water  to  about  400  acres  of  orchard,  alfalfa,  and  vegetables. 

Vandalia  Ditch. — This  is  another  small  ditch  ou  the  south  side  of  Tule 
Eiver.  It  takes  water  from  the  river  a  mile  above  Piano,  has  a  capacity 
of  about  3  second-feet,  and  irrigates  about  100  acres.  It  was  con- 
structed in  1861. 

Bo8€  Ditch. — ^This  is  another  of  the  small  private  ditches  near  Piano. 
Its  head  is  several  hundred  yards  below  the  head  of  the  Vandalia 
Ditch.  It  was  constructed  in  1862.  The  land  it  irrigates  was  before 
that  time  supplied  with  water  from  a  ditch  known  as  the  Somers  Ditch, 
but  the  freshets  of  1861-62  cut  the  irrigated  district  in  two  by  the  for- 
mation of  a  new  channel  for  the  river,  and  the  Bose  Ditch  was  built  to 
supply  water  to  a  few  acres  of  the  original  irrigated  district  left  on  the 
south  side.    It  irrigates  10  to  20  acres. 

Mitchellj  Springer  c&  Bose  Ditch, — The  head  of  this  ditch  was  a  short 
distance  above  the  bridge  on  the  road  southward  from  Porterville.  It 
was  less  than  a  mile  long  and  about  4  feet  wide  on  the  bottom.  The 
point  at  which  water  was  taken  from  the  river  was  frequently  changed, 
and  various  tracts  of  land  were  irrigated  with  its  water.  It  was  one  of 
the  old-time  ditches  which  now  seems  to  have  fallen  into  disuse.  The 
extent  of  irrigation  from  it  a  few  years  ago  was  less  than  20  acres. 

South  Side  Tule  River  Canal. — This  canal,  which  was  for  many  years 
referred  to  as  the  "Big  Ditch,''  and  is  also  known  as  the  "Poplar 
Canal,"  was  constructed  in  1875  by  an  organization  of  farmers  whose 
lands  were  located  on  the  main  San  Joaquin  Valley  plain,  south  of 
Tule  Biver.  The  head  of  the  canal  is  just  above  the  bridge  southward 
from  Porterville.    The  canal  regulator  has  been  placed  about  a  quarter 
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mile  below  the  bridge.  The  ditch  has  a  bed  width  of  20  feet,  and  is 
intended  to  carry  water  2  to  3  feet  deep.  The  course  of  the  canal  is 
westerly.  It  is  aboat  11  miles  long.  In  seasons  of  ordinary  rainfall 
there  is  no  trouble  in  keeping  the  canal  well  supplied  with  water  daring 
the  spring  months.  At  other  times,  and  often  when  water  is  most 
needed,  the  supply  is  scant.  The  flow  of  the  main  canal  is  usually 
apportioned  to  one  or  more  of  the  distributaries,  or  district  ditches, 
as  they  are  called,  and  the  entire  flow  of  each  of  these  is  used  in  turn 
by  the  irrigators.  The  length  of  time  that  an  irrigator  may  use  the 
water  is  determined  by  the  number  of  shares  of  stock  held  by  him. 

The  use  of  the  canal  has  been  interfered  with  considerably  by  litiga- 
tion. Riparian  land  owners  have  been  successful  in  throwing  legal 
obstacles  into  the  way  of  water  diversion  for  this  canal,  and  court 
decisions  against  canal  interests  have  been  enforced  to  some  extent. 
The  area  irrigated  has,  therefore,  remained  small — probably  less  than 
1,000  acres.  The  cost  of  the  canal  was  about  $20,000,  but  under  good 
management  would  have  been  less.    Gheck  weirs  were  placed  in  the 


Fig.  14.— South  Side  Tule  Biver  Canal. 

canal  every  half  mile,  but  did  not  serve  long.  They  were  soon  washed 
out  of  place.  Their  purpose  was  to  prevent  excessive  erosion  (the  fall  in 
the  direction  of  the  canal  being  about  15  feet  per  mile)  and  to  facilitate 
diversion  into  branch  ditches.  After  the  first  set  of  these  structures 
was  gone  the  expense  of  placing  a  weir  in  the  main  canal  at  the  head 
of  a  distributary  was  thrown  upon  the  owners  of  the  latter,  but  the 
canal  management  reserved  the  right  to  approve  the  design  and  to 
su})ervi8e  its  construction.  The  original  check  weirs  were  of  the  flash- 
board  type.  The  bays  had  a  width  of  4  feet.  The  timbers  supporting 
the  flasbboards  were  inclined.  The  principal  defect  seems  to  have  been 
the  placing  of  the  floor  of  the  structure  at,  and  not  below,  the  grade 
height  of  canal  bottom. 

Fine  Ditch. — The  head  of  the  Fine  Ditch  is  about  3  miles  below  the 
head  of  the  South  Side  Oanal.  It  commands  a  district  intermediate 
between  Tule  River  and  the  lands  irrigated  with  water  firom  the  Soath 
Side  Canal.  The  ditch  was  built  and  is  owned  in  common  by  a  number 
of  farmers,  who  apportion  its  water  among  themselves.  It  is  about  7 
miles  long. 
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Calliton  Slougk.—CaMifioa  Sloagh  (Woods  Central  Ditch)  is  a  high- 
water  eecapeway  from  the  south  side  of  Tnle  River,  about  5  miles  due 
west  from  Porterville.  It  was  probably  one  of  the  many  new  cliamiels 
formed  by  the  fhahets  of  1861-62.  Water  enters  the  head  of  this 
slough  under  control  of  a  regulator  at  the  high  stages  of  the  river,  and 
at  lower  stages  the  flow  is  increased  by  means  of  a  temporary  wiDg 
dam  of  sand,  which  is  extended  farther  and  farther  upstream  as  the 
river  falls.  The  flow  of  the  slongh  has  been  under  control  for  irriga- 
tiou  since  1878,  iu  which  year  a  company  was  organizetl  for  this  pur- 
pose, under  the  name  of  the  Woods  Central  Irrigating  Ditch  Company. 
The  head  gate  was  made  18  feet  wide.  About  $1,560  was  expended 
in  converting  the  slougli  into  a  serviceable  ditch.  Several  small  dis- 
tribnting  ditches  have  been  oonstmcted  from  the  slough  to  the  lands 
of  irrigators,  and  about  1,000  acres  represent  the  extent  of  annual 
actual  wetting. 

When  the  Tipton  irrigation  district  was  organized,  in  1891,  arrange- 
ments were  made  by  its  directors  for  the  use  of  Callison  Slongh  in  com- 
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mon  with  the  Woods  Central  Irrigating  Ditoh  Company.  A  new  rego- 
lator  was  soon  afterwards  pat  into  the  bead  of  the  slough.  It  was 
made  30  feet  wide,  it  being  understood  that  10  feet  of  its  width  was  to 
eerve  tlie  original  users  of  slough  water,  and  the  other  20  feet  the  irri- 
gation district.    The  district  canal  is  out  of  service  at  the  present  time. 

Old  Englinh  Ditch. — The  head  of  this  ditch  is  immediately  below  the 
bead  of  Callison  Slough,  and  its  water  is  used  on  several  small  farms 
between  Callisou  Sluugh  and  the  river.  The  ditch  was  constructed 
about  1869.  It  is  about  8  feet  wide  on  the  bottom,  2  miles  long,  and 
annually  irrigates  between  100  and  200  acres.  Whenever  it  is  desirable 
to  use  water  after  the  high  stage  of  the  river,  a  long  temporary  wing 
dam  of  sand  is  constracted  at  its  bead,  Jnat  below,  and  almost  parallel 
with,  that  at  the  head  of  Callison  Slough. 

Stockton  Ditch. — This  ditch  takes  its  name  from  a  small  private  ditch 

which  was  in  ase  for  a  few  years  preceding  1871.    It  was  built  in  1874 

by  a  company  composed  of  eight  farmers  who  desired  a  common  source 

of  supply.      It  leaves  the  south  side  of  Tule  Kiver  about  midway 
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between  Porterville  and  Woodville,  and  has  a  westerly  course  to  the 
vicinity  of  the  latter  settlement.  The  ditch  is  about  6  niiles  long,  and 
is  15  feet  wide  at  its  head.  Water  is  ordinarily  available  for  it  from 
February  to  June.  No  restriction  is  placed  upon  the  locality  where 
each  stockholder  may  use  his  water.  The  water  is  delivered  in  turn  to 
each  person  entitled  to  its  use,  the  time  of  a  ^^run"  per  share  of  stock 
being  fixed  annually  by  the  directors,  usually  at  forty-eight  or  twenty- 
four  hours  per  share.  The  lands  irrigated  by  this  ditch  have  in  part 
been  included  in  the  Tule  Biver  irrigation  district,  and  are  to  become 
dex)endent  upon  its  works  for  their  water  supply. 

Ball  i&  Harris  Ditch, — About  one-half  mile  below  the  head  of  Stock- 
ton Ditch  a  small  ditch,  irrigating  several  hundred  acres  of  land,  leaves 
the  river.  It  is  known  as  the  Ball  &  Harris  Ditch  (or  the  Markham, 
or  Pierce  &  Markham,  or  Pierce,  Markham  &  Booth  Ditch).  It  was 
built  about  1871,  and  is  reported  to  have  been  in  continuous  use  after 
1874.  The  ditch  is  only  3  to  5  feet  wide  on  the  bottom.  Its  regulator 
has  a  width  of  6  feet.  This  is  one  of  the  ditches  whose  rights  have 
been  merged  with  those  of  the  Tule  Biver  Irrigation  Ditch  Company. 

Umpire  Ditch. — The  head  of  this  ditch  (also  called  Pheil  &  Otto, 
Stover,  or  Lower  Pioneer  Ditch)  is  on  the  south  side  of  Tule  Biver,  3 
miles  east  of  Woodville,  at  a  point  known  as  the  Forks  of  Tule  Biver. 
Its  course  is  westerly ;  it  is  3  miles  long  and  irrigates  several  hundred 
acres  of  land  in  the  immediate  vicinity  of  Woodville.  Its  width  is  2  to 
3  feet  on  the  bottom,  and  its  estimated  capacity  is  about  5  second-feet 
The  lands  served  by  this  ditch  are  in  part  in  the  Tule  Biver  irrigation 
district. 

Woodville  Ditch. — This  ditch  has  its  intake  on  the  south  side  of  the 
river  about  IJ  miles  northeast  of  Woodville.  Its  course  is  westerly; 
its  length  is  about  7  miles,  and  its  width  in  the  upper  sections  about  ID 
feet  on  the  bottom.  The  regulator  has  a  width  of  12  feet.  The  ditch 
was  constructed  in  the  years  1883  to  1885.  It  is  one  of  the  few  ditches 
constructed  and  managed  on  the  principle  of  proportional  assessuieut 
of  stockholders  to  meet  those  expenses  only  which  are  incurred  ou  the 
ditch  above  the  point  where  water  is  delivered  to  each  irrigator.  This 
is  another  of  the  small  ditches  whose  rights  have  been  merged  with  the 
Tule  Biver  Irrigation  Ditch  Company. 

Tipton  Ditch. — This  ditch  (also  called  Mitchell  Ditch)  was  con- 
structed for  the  irrigation  of  lands  near  Tipton.  Its  builders  a^reeil 
to  contribute  to  the  cost  of  construction  and  maintenance  of  so  machof 
the  main  ditch  as  was  above  the  upper  limits  of  their  lands  in  propor- 
tion to  their  respective  interests  in  the  canal  water.  The  construction 
of  the  ditch  comineuced  in  1881,  but  it  was  not  completed  for  several 
years.  The  head  of  this  ditch  is  on  the  south  side  of  Tule  Biver,  about 
3J  miles  northeast  of  Tipton.  The  ditch  has  a  southwesterly  course, 
is  6  to  7  miles  long,  about  20  feet  wide  near  its  head,  and  is  planned  to 
deliver  a  relatively  large  amount  of  water  to  the  area  dependent  upoo 
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it  dnring  the  short  period  (about  Febraary  1  to  Jane  15)  when  water  is 
ordinarily  available. 

Janes  Ditch, — This  is  a  very  small  private  ditch,  the  head  of  which  is 
about  a  quarter  mile  below  the  head  of  Tipton  Ditch.  It  follows  the 
river  bank,  crossing  Lone  Oak  Slough,  and  South  Tule  River  to  a  small 
tract  of  land  irrigated  with  its  water. 

Lane  Oak  Slough, — ^This  is  a  small  high-water  channel  breaking  out 
of  the  south  side  of  Tule  Eiver  due  north  from  Tipton,  about  a  half 
mile  above  the  railroad  crossing.  It  has  a  southwesterly  course,  and 
supplies  water  to  several  independent  small  distributaries  known  as 
the  Hively,  the  Creech,  and  the  Rogers  Lower  ditches.  The  iiow  of 
water  in  the  slough  is  controlled  by  a  regulator,  put  in  about  1891. 

Hively  Ditch. — This  is  a  small  private  ditch,  about  a  mile  long, 
receiving  water  from  Lone  Oak  Slough  just  to  the  west  of  the  railroad 
crossing. 

Creech  Ditch, — This  is  another  small  private  ditch,  about  a  mile  long, 
leading  from  the  south  side  of  Lone  Oak  Slough. 

Rogers  Lower  Ditch. — This  ditch  also  receives  water  from  Lone  Oak 
Slough.    It  is  a  mile  below  the  Creech  Ditch,  and  is  about  2  miles  long. 

The  combined  irrigation  irom  Lone  Oak  Slough  ditches  probably 
does  not  exceed  200  acres. 

Fancher  Ditch, — Another  of  the  Tule  Eiver  ditches,  owned  in  common 
by  four  or  five  irrigators,  is  the  Fancher  Ditch,  which  for  several  years 
prior  to  1884  is  reported  to  have  received  its  water  from  the  river  at 
the  point  where  Callison  Slough  unites  with  South  Tule  River.  A  weir 
was  constructed  in  the  river  channel  and  the  diversion  was  made  from 
the  slough  channel.  About  1884  it  was  found  necessary  to  extend  the 
ditch  upstream  about  half  a  mile  to  a  new  head,  where  for  some  time 
water  was  admitted  without  control.  The  ditch  has  a  southwesterly 
course,  is  about  2  miles  long  and  12  feet  wide,  and  usually  irrigates 
several  hundred  acres. 

Finney  Ditch. — On  the  north  side  of  South  Tule  River,  near  the  last- 
mentioned  diversion,  is  a  small  private  ditch,  known  as  the  Finney  or 
Berry  Ditch.  Its  head  is  a  quarter  of  a  mile  below  the  head  of  Fancher 
Ditch.  Water  is  there  diverted  into  a  small  natural  depression,  in 
which  it  flows  about  half  a  mile  to  i)oints  where  it  is  used  by  several 
irrigators.    This  ditch  came  into  use  in  1884. 

Bwall  Ditch, — Another  small  private  ditch,  on  the  north  side  of  South 
Tule  River,  is  the  Swall  Ditch.  Its  use  dates  back  to  1875.  Its  head 
is  2^  miles  below  the  head  of  the  river  channel  called  South  Tule  River. 
It  is  about  2  miles  long,  and  has  a  westerly  course. 

Chilly  Ditch. — ^This  ditch  receives  water  from  the  south  side  of  the 
main  channel  of  Tule  River,  1^  miles  below  the  head  of  South  Tule 
!Biyer.  It  has  a  southwesterly  course,  is  about  2^  miles  long,  and,  in 
common  with  the  Swall  Ditch,  supplies  water  to  several  hundred  acres. 
It  was  constructed  in  1875. 


84 


IRRIGATION   NEAR   BAKER8FIELD,    CALIFORNIA. 


[no.  17. 


Swall  (6  Wessling  Ditch. — ^This  is  a  small  ditch  on  the  south  side  of 
the  main  channel  of  Tale  Biver,  about  a  mile  long,  which  connects  this 
channel  with  a  small  natural  water  course.  Its  head  is  3^  miles  below 
the  head  of  South  Tule  Biver.    It  has  been  in  use  since  about  1884. 

Chreat  American  Ditch. — Before  the  Tule  Biver  Indian  Beservatioii, 
above  Porterville,  was  thrown  open  to  settlement  the  construction  of  a 
small  hillside  ditch  for  the  irrigation  of  lauds  intermediate  between  the 
north-side  hills  and  the  river  had  been  commenced.  This  ditch  had  its 
head  on  the  west  side  of  North  Fork  about  8  or  9  miles  above  Porter- 
ville,  and  was  intended  solely  for  the  use  of  the  Indians.  This  work 
was  subsequently  to  have  been  completed  by  a  corporation  which  seems 
to  have  been  organized  principally  for  speculative  purposes.  There  is 
but  little  left  of  the  enterprise  except  the  name. 

Pleasant  Valley  Ditch. — This  is  a  diversion  from  the  west  side  of 
North  Fork  of  Tule  Biver,  about  2^  miles  above  its  junction  with  Middle 
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Fork.  The  ditch  has  a  southerly  course  for  over  5  miles,  thence  a 
northwesterly  coarse  for  5  miles,  and  thence  a  southerly  course  for  over 
2  miles.  It  commands  Pleasant  Valley  lauds.  Its  bed  width  is  about 
6  feet  for  several  miles,  thence  4  feet.  The  ditch  was  constructed  io 
1889  by  the  Pleasant  Valley  Ditch  Company,  organized  as  a  corporation 
the  previous  year  by  farmers  requiring  water  for  stock  and  irrigatiou 
purposes. 

Pioneer  Canal — This  canal,  controlled  by  the  Tule  Biver  Pioneer  Water 
Ditch  Company,  is  the  most  importaut  of  the  several  irrigation  works 
receiving  water  from  Tule  Biver.  It  was  constructed  and  first  came  into 
use  about  1867.  Its  head  was  then  located  three-quarters  of  a  mile 
below  the  junction  of  North  and  South  forks  of  Tule  Biver.  The  freshets 
of  1877-78  destroyed  the  upper  section  of  the  canal  and  at  the  same  time 
cut  a  high-water  channel  near  the  base  of  the  hills  at  the  northern 
border  of  the  bottom  lands.    This  new  channel  was  at  once  utilized  for 
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the  canal  water.  A  regulator  was  pnt  in  its  head  and  has  been  main- 
tained. The  canal  proper  terminates  at  the  flour  mill  at  Porterville,  to 
which  it  supplies  i)ower.  Its  course  is  along  the  base  of  the  hills  on 
the  north  side,  and  generally  half  a  mile  to  2  miles  from  the  river.  The 
bottom  lands  thus  commanded  above  Porterville  are  very  productive. 
The  canal  has  a  length  of  about  7  to  8  miles.  Its  fall  is  somewhat 
irregular,  generally  6  to  7  feet  to  the  mile.  Its  bed  width  is  8  to  12 
feet,  and  the  depth  of  water  carried  2  to  3  feet.  Its  regulator  is  of  the 
box  or  culvert  type.  A  loose-rock  fill  on  top  of  the  structure  gives  it 
weight  to  prevent  its  being  undermined.  Three  vertically  sliding  gates 
control  the  inflow  of  water.  The  width  of  tbe  regulator  between  side 
walls  is  18  feet.  The  capacity  claimed  for  the  Pioneer  Canal  is  72 
second-feet. 

Before  a  reorganization  of  the  canal  company  was  effected,  several 
years  ago,  the  canal  water  was  delivered  to  stockholders  in  proportion 
to  the  amount  of  stock  owned  by  each.  Stockholders  were  {permitted 
to  take  their  water  at  any  convenient  point  through  a  suitable  outlet 
gate,  constructed  and  maintained  by  the  user  of  the  water  taken.  No 
water  was  sold  by  the  canal  company,  and  all  expenses  of  management 
and  repairs  were  assessed  to  the  stockholders.  The  result  of  this  sys- 
tem of  operation  was  the  union  of  interests  by  groups  of  irrigators, 
who  then  made  a  common  diversion  of  water  from  the  main  ditch  and 
built  distributing  ditches,  which  are  managed  much  the  same  as  inde- 
pendent ditches. 

The  most  notable  branch  of  this  character  was  the  Farmers  Ditch. 
It  received  water  from  the  Pioneer  Canal  at  the  mill,  and,  passing  to 
the  east  and  north  of  Porterville,  had  a  course  a  little  north  of  west, 
skirting  the  southern  border  of  Old  Tule  Biver  Swamp.  Its  length 
was  about  12  miles.  It  was  owned  by  an  organization  formed  in  1875, 
ownership  being  represented  in  12  shares.  Each  share  of  stock 
entitled  its  holder  to  a  proportional  interest  in  the  canal  down  to  a 
point  where  he  diverted  or  intended  to  divert  his  water  from  the  main 
canal.  The  company  did  not  sell  any  water.  Water  was  used  from 
the  canal  in  rotation,  the  duration  of  a  run  per  share  of  water  being 
mutually  agreed  upon. 

The  cost  of  construction  was  apportioned  to  each  member  in  propor- 
tion  to  his  interest  in  the  canal.  Each  member  bore  a  proportional 
part  of  all  exi)enses  incurred  along  the  canal  above  the  point  at  which 
he  was  to  receive  his  water,  and  did  not  contribute  toward  the  con- 
struction of  the  canal  below  that  point.  Expenses  of  maintenance  and 
repairs  were  apportioned  on  the  same  basis  to  those  actually  using 
water.  As  the  canal  had  a  total  length  of  12  miles,  and  some  of  its 
water  was  used  within  3  or  4  miles  of  its  head,  these  expenses  were 
about  four  times  as  great  for  the  most  distant  irrigator  as  for  the  one 
nearest  the  head  of  the  canal. 

Farmers  Ditch  in  its  upper  sections  was  also  known  as  the  Old  State 
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Ditch,  being  one,  or  on  the  line  of  one,  of  the  ditches  that  was  intended 
to  divert  tlie  flow  of  flood  waters  from  the  Old  Tule  River  swamp  lands, 
and  which  had  been  constructed  with  money  from  the  State  swamp-land 
fand.  This  ditch,  in  somewhat  altered  alignment,  together  with  the 
North  Branch  of  Pioneer  Oanal  (which  might  also  be  called  the  North 
Side  State  Ditch),  has  become  one  of  the  principal  distribntaries  of  the 
reorganized  Pioneer  Canal  Company. 

Water  is  still  delivered  to  stockholders  in  proportion  to  stock  owned, 
bat  without  actual  measurement.  A  change  is  to  be  made  at  once, 
according  to  which  water  is  to  be  sold  to  stockholders  on  the  basis  of  1 
miner's  inch  per  share  of  stock.  The  canal  capacity,  50  seoond-feet,  is 
equivalent  to  3,600  miner's  inches  under  4-inch  pressure,  and  there  are 
3,600  shares  of  stock  in  the  corporation.  The  price  to  be  charged  for 
water  is  to  be  fixed  at  5  cents  per  24-hour  miner's  inch. 

The  area  of  citrus  fruits  dependent  upon  this  canal  for  water  has 
within  the  last  few  years  rapidly  grown  to  1,000  acres.  About  900  acres 
of  other  orchards  are  also  irrigated  by  this  canal.  The  orchard  lands 
for  the  most  part  lie  to  the  north  and  east  of  Porterville. 

The  wetting  of  orchard  land  is  generally  accomplished  by  allowing 
small  streams  of  water  to  flow  iu  a  number  of  furrows  between  rows  of 
trees,  usually  four,  and  to  harrow  the  surface  as  soon  after  the  appli- 
cation of  water  as  possible. 

On  the  lower  section  of  the  Farmers  branch  of  the  canal  alfalfa  and 
grain  are  irrigated  in  rectangular  checks.  Land  there  is  smooth  sur- 
faced and  comparatively  level,  consequently  the  cost  of  preparation  for 
irrigation  is  small.  It  is  said  to  have  been  as  low  as  50  cents  per  acre 
for  ditching  and  checking. 

The  value  of  water  stock  at  the  present  time  is  said  to  range  from 
$200  to  $300  for  stock  entitling  to  water  above  the  Porterville  Mill,  and 
$50  to  $100  for  stock  entitling  to  water  below  the  mill.  This  diflerence 
in  price  is  due  to  the  fact  that  most  of  the  flow  of  the  canal  must  be 
delivered  at  the  mill  for  power  purposes,  and  that  water  for  diversion 
irom  the  canal  by  irrigators  above  the  mill  is  therefore  limited. 

Traylor  Ditch. — This  is  a  small  private  dit^h  having  its  head  on  the 
north  side  of  Tule  River  half  a  mile  below  the  head  of  the  Pioneer 
Canal.  It  has  a  course  about  midway  between  the  larger  ditch  and 
the  river,  is  about  2  miles  long,  and  irrigates  a  few  acres  of  river  bottom 
land. 

Porter  8lough. — Porter  Slough  breaks  through  the  north  bank  of 
Tule  River  about  4  iniles  above  Porterville.  It  was  made  the  prin- 
cipal channel  of  Tule  River  by  the  freshets  of  1861-62,  but  within  a 
few  years  contentions  arose  as  to  the  apportionment  of  water  to  this 
channel  and  to  that  which  afterwards  became  the  main  channel  of  the 
river.  Obstructions  placed  in  the  head  of  Porter  Slough  were  repeat- 
edly removed  by  settlers  along  the  slough.  It  is  claimed  that  sach 
obstructions,  in  part  at  least,  caused  the  rapid  enlargement  of  the  other 
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channel  of  the  river  by  the  freshets  of  1867-68,  and  that  ever  since  that 
time  some  work  at  the  head  of  Porter  Slongh  is  aunually  necessary  to 
put  water  into  it  at  ordinary  stages  of  the  river. 

Since  the  oonstmction  of  the  works  for  the  irrigation  of  lands  in  the 
Tule  Siver  irrigation  district,  water  is  turned  into  the  head  of  Porter 
Slongh  through  an  artificial  channel  or  cut  700  feet  loDg,  in  the  head  of 
which  a  regulator  is  maintained.  This  regulator  has  a  total  width  of 
30  feet,  divided  into  nine  spaces,  of  which  seven  are  separated  from 
the  other  two  by  a  longitudinal  partition.  The  water  passing  through 
the  larger  portion  of  the  gate  is  for  the  irrigation  district,  the  rest  is 
for  the  Hubbs  &  Miner  Ditch,  which  formerly  received  its  water 
through  an  independent  head  some  miles  below  Porterville.  The 
actual  flooding  of  lands  with  water  from  the  slough  before  its  use  by 
the  Tule  Eiver  irrigation  district  was  not  very  extensive,  but  the 
presence  of  water  in  the  channel  accomplished  much  wetting  of 
adjacent  agricultural  land. 

Hockett  Ditch. — This  is  one  of  the  small  ditches  which  was  con- 
structed immediately  after  the  freshets  of  1861-62  to  replace  Somers 
Ditch,  which  was  destroyed  by  the  high  waters.  Its  head  is  on  the 
north  side  of  Tule  Eiver,  about  IJ  miles  below  the  head  of  Porter 
Slongh.  It  supplies  water  for  several  hundred  acres  of  laud  between 
Porter  Slough  and  the  main  channel  of  the  river  southward  from  Por- 
terville. Tlie  Somers  Ditch,  whose  water  rights  are  claimed  for  the 
Hockett  Ditch,  is  reported  to  have  been  constructed  in  1858,  and  it  is 
probable  that  some  of  its  original  owners  had  attempted  to  make 
diversions  of  water  as  early  as  1854. 

Wallace  Ditch. — The  head  of  the  Wallace  Ditch  is  immediately  below 
that  of  the  Yandalia  Ditch.  Although  the  diversion  of  water  for  this 
ditch  is  made  on  the  south  side  of  the  river,  it  is  at  once  carried  over 
to  the  north  side  in  a  small  flume,  and  its  use  is  entirely  on  the  north 
side.  It  is  a  small  private  ditch,  occupying  a  position  between  the 
Hockett  Ditch  and  the  river  and  supplying  water  to  a  few  acres  in 
the  same  vicinity  as  Hockett  Ditch. 

McOee,  Putnam  &  Caldwell  Ditch. — This  is  another  small  north  side 
ditch,  having  its  head  about  IJ  miles  below  the  bridge  south  of  Porter- 
ville. It  commands  lands  between  the  river  and  Porter  Slough  just 
west  of  those  covered  by  Hockett  and  Wallace  ditches.  It  is  said  that 
the  use  of  water  through  this  ditch  commenced  about  1863. 

Oilliam  Ditch. — This  ditch  leaves  the  river  about  a  quarter  mile  below 
the  McGee,  Putnam  &  Caldwell  Ditch.  It  is  a  small  private  ditch 
which  is  also  known  as  the  Gillis  Ditch,  or  the  Gilliam  &  McGee  Ditch. 
It  was  probably  constructed  in  1862  and  commands  a  portion  of  the 
district  originally  irrigated  by  the  Somers  Ditch. 

Hubhs  &  Miner  Ditch. — This  is  a  north-side  ditch  supplying  water  to 
eight  or  ten  farmers,  whose  interests  in  the  ditch  are  represented  by 
shares  of  stock.    The  head  of  the  ditch  was  about  2  miles  below  the 
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Porterville  road  bridge  until,  in  1893,  a  combination  with  the  Tule  Kiver 
irrigation  district  was  eflfected,  according  to  which  a  common  head  or 
new  inlet  from  the  river  to  Porter  Slough  was  constructed.  Of  the 
water  diverted  from  the  river,  the  surplus  not  required  by  the  irrigation 
district  goes  to  the  lands  dependent  upon  the  Hubbs  &  Miner  Ditch 
for  water. 

Fulweiler  and  HunsaJcer  ditches, — The  next  north  side  ditch  has  its 
head  about  6  miles  below  Porterville.  It  is  known  as  the  Fulweiler 
Ditch.  Its  construction  was  commenced  by  an  organized  association 
of  farmers,  but  work  was  soon  abandoned.  One  of  the  owners  sub- 
sequently commenced  operations  again,  and  was  joined  in  1884  by 
several  other  farmers.  The  ditch  was  about  1^  miles  in  length,  having 
a  northwesterly  course  to  a  point  where  a  junction  was  effected  with 
another  small  ditch,  known  as  the  Hunsaker  Ditch,  whose  head  is  half 
a  mile  below  the  head  of  Fulweiler  Ditch.  The  Hunsaker  Ditch  had 
a  length  of  about  2  miles.  Its  central  section  was  used  in  common  by 
the  two  ditches — an  arrangement  effected  to  overcome  right  of-way 
difficulties  which  were  encountered  by  the  owners  of  the  Fulweiler 
Ditch.  The  Hunsaker  Ditch  was  constructed  in  1871,  About  400  acres 
were  irrigated  from  the  two  ditches.  All  of  the  lands  served  by  the 
Hunsaker  Ditch  and  part  of  those  served  by  the  Fulweiler  Ditch  are 
now  in  the  Tule  Eiver  irrigation  district  and  are  dependent  upon  its 
canals  for  water. 

PletU  Ditch, — This  is  a  small  ditch  receiving  water  only  during  high 
stages  of  the  river.  It  has  been  in  use  since  1872,  but  has  ordinarily 
irrigated  only  about  10  acres  of  alfalfa  and  orchard  land.  Its  head  is 
just  below  the  country  road  leading  northward  from  Porterville. 

Thomas  Ditch. — Less  than  a  quarter  of  a  mile  below  the  head  of  the 
Pletts  Ditch,  also  on  the  north  side  of  Tule  Eiver,  is  the  Thomas  Ditch. 
It  is  also  called  the  Walker  Ditch.  It  was  constructed  about  1871  or 
1872.  Like  other  high-water  diversions  from  Tule  River,  it  has  had  no 
regulator  at  its  head.  The  extent  of  actual  flooding  with  its  water  has 
been  about  25  acres.  The  lands  it  watered  are  now  served  by  the  Tale 
Biver  irrigation  district  canals. 

Elrod  Ditch — ^This  is  one  of  the  same  class  of  small  ditches  jnst 
enumerated.  It  is  a  reconstruction  of  an  older  ditch  which  was  known 
as  the  Lewis  &  Walker,  about  2  miles  below  the  Thomas  Ditch.  The 
original  ditch  came  into  use  in  1871.  The  lands  irrigated  by  it  are  now 
a  part  of  the  Tule  Eiver  irrigation  district. 

Ray  &  Broicn  Ditch, — This  was  an  insignificant  dit<;h  on  the  north 
side  of  the  river  about  5  miles  east  of  Bayou,  which  affords  water  for 
the  flooding  of  a  few  acres  at  flood  stages  of  the  river.  Like  the  other 
small  ditches  named,  it  has  been  absorbed  by  the  Tule  Eiver  irrigation 
district. 

M.  M.  Burnett  Ditch. — This  is  a  small  high- water  ditch  from  the  north 
side  of  Tule  Eiver,  a  mile  southeast  of  Tagus.    It  is  about  a  mile  long. 
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has  a  bed  width  of  5  feet,  and  cost  about  $100.    It  was  constructed  in 
1886. 

Bond  Ditch. — ^This  is  a  small  ditch  which  carries  water  soath westerly 
three-fourths  of  a  mile  from  a  point  on  the  north  channel  of  Tule  River 
at  the  head  of  Schoolhouse  Branch.  It  unites  with  Rogers  Ditch  for 
the  irrigation  of  the  same  lands.    This  ditch  was  constructed  in  1871. 

Rogers  Upper  Ditch. — This  is  a  diversion  from  the  north  side  of  the 
Stadtraiiller  Branch  of  Tule  River,  made  in  1880.  It  has  a  northwest- 
erly course  for  nearly  a  mile,  to  its  junction  with  the  Bond  Ditch.  The 
two  ditches  belong  to  the  same  owners. 

Rogers  Middle  Ditch. — ^This  is  a  ditch  from  the  lower  end  of  the 
Schoolhouse  Branch  of  North  Tule  River.  It  is  a  short  ditch  6  feet 
wide,  having  a  southerly  course,  and  drops  its  water  into  a  natural 
channel,  whence  it  is  again  taken  for  the  irrigation  of  several  small 
tracts.    It  was  constructed  in  1880. 

Klein  Ditch. — This  diteh  was  practically  duplicated  by  the  Rogers 
Middle  Ditch.  The  diversion  was  made  from  the  same  point,  but  in  a 
ditch  located  a  few  feet  farther  east,  and  the  same  natural  channel  was 
used  to  convey  water  about  a  mile  to  its  place  of  use.  The  mention  of 
the  ditch  is  merely  historical;  it  went  out  of  use  about  1880. 

Lamarsna  Ditch. — This  is  another  of  the  very  small  high- water  ditches 
which  abound  in  the  Tule  River  country.  It  was  constructed  in  1878 
or  1879,  to  supply  water  to  several  farms  lying  between  the  main  chan- 
nels of  Tule  River  about  3  miles  southeastward  from  Bayou.  It  has 
been  in  actual  use  very  little,  and  but  a  few  acres  of  alfalfa  have  been 
dependent  upon  it  for  water. 

Bacigalupi  Ditch. — Southward  from  Bayou,  on  the  north  side  of  the 
main  channel  of  Tule  River,  is  another  high-water  ditch,  which  has 
been  in  use  more  or  less  since  about  1882.  It  is  a  short  private  ditch 
which  supplies  water  for  use  on  several  hundred  acres  of  land. 

Bacigalupi  &  Creighton  Canal. — ^This  canal  was  constructed,  in  part 
at  least,  in  1877.  It  is  really  a  diversion  from  Elk  Bayou,  the  southern- 
most delta  channel  of  Kaweah  River,  but  as  Lower  Elk  Bayou  may  also 
be  considered  a  Tule  River  channel,  receiving  water  from  Porter  Slough 
and  being  the  main  channel  of  Old  Tule  River,  it  will  not  be  out  of  place 
to  enumerate  this  canal  among  the  Tule  River  ditches,  particularly  as 
the  flow  of  Main  Tule  River  into  the  lower  end  of  Elk  Bayou  is  chiefly 
relied  upon  as  a  source  of  supply  for  this  ditch.  The  head  of  the  ditch 
is  on  the  north  side  of  the  bayou,  about  a  quarter  of  a  mile  above  its 
junction  with  the  main  channel  of  Tule  River.  The  canal  has  a  north- 
westerly course  for  about  4  miles,  thence  a  southwesterly  course  for  a 
like  distance  to  near  the  eastern  margin  of  Tulare  Lake.  It  was  built 
primarily  for  the  reclamation  of  land  entered  as  a  desert  claim.  The 
regulator  built  in  the  head  of  the  canal  was  soon  washed  out  of  place 
and  the  upper  end  of  the  original  canal  was  considerably  enlarged  by 
erosion.    The  upper  part  of  the  canal  was  originally  about  8  feet  wide 
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on  the  bottoTDy  bnt  a  width  of  12  feet  on  the  bottom,  with  a  water  depth 
of  2  to  3  feet,  is  claimed  for  most  of  its  course.  So  far  as  can  be  learned, 
there  has  been  bnt  little  systematic  irrigation  in  the  territory  com- 
manded by  this  canal. 

Tulare  Lake  Canal. — This  canal,  which  was  bailt  in  1890,  takes  water 
from  Tale  Biver  at  a  point  10  miles  due  west  from  Tipton.  It  has  a 
bed  width  of  40  to  50  feet  and  a  depth  reported  at  4  to  5  feet.  It  lies 
within  the  extreme  high-water  limit  of  Tulare  Lake.  Its  course  is  due 
south  and  its  length  is  3  miles.  It  commands  the  lands  westward  to 
the  present  lake  margin.  Water  is  expected  to  be  available  in  this 
canal  from  about  February  to  July.  It  is  reported  to  have  supplied 
water  this  season  to  7,000  acres  of  grain  land.  At  the  head  of  the 
canal  structures  of  the  ordinary  open  flashboard  type  are  in  use  for  the 
diversion  and  control  of  the  water.  The  cost  of  the  canal  head  works 
is  said  to  have  been  $3,000,  and  the  cost  of  the  main  canal  and  10  to  15 
miles  of  branch  ditches,  including  the  head  works,  was  about  $10,000. 

TULE  RIVER  IRRIGATION  DISTRICT. 

In  no  portion  of  the  State  has  the^  necessity  for  harmonizing  conflict- 
ing claims  to  water  and  adequate  control  of  its  diversion  and  use  been 
greater  than  on^  Kaweah  and  Tule  rivers,  and  it  is  on  these  rivers  that 
the  successful  operation  of  the  irrigation-district  system  was  to  be 
anticipated.  It  seemed  as  though  all  irrigators  could  only  gain,  and 
none  lose,  by  bringing  the  many  small  independent  ditches  under  one 
management,  as  authorized  by  the  district  law.  And,  in  fact,  no  diflfi- 
culty  was  encountered  in  forming  on  Tule  Eiver  two  irrigation  districts, 
both  of  which  have  constructed  canal  systems,  but  in  both  of  which 
there  is  now  much  dissatisfaction  with  the  operation  of  the  law  and 
with  the  results  thus  far  achieved.  Of  course  the  disappointments  and 
failures  are,  in  part  at  least,  due  to  the  general  depression  of  the  farm- 
ing industry;  but  with  an  increasing  tax  rate  as  a  burden  upon  those 
who  meet  their  district  obligations,  and  with  probable  confiscations  of 
the  property  of  those  who  continue  delinquent,  the  problem  of  district 
management  becomes  difficult  of  solution. 

The  Tule  River  irrigation  district  was  organized  in  September,  1891. 
A  bond  issue  of  $90,000  was  soon  followed  by  a  second  of  $10,000.  The 
district  has  an  area  of  about  22,000  acres — practically  all  the  lands 
within  or  immediately  adjacent  to  the  delta  of  Tule  River.  The  district 
has  a  greatest  length  in  the  direction  of  the  river  of  13  miles,  its  east- 
ern limit  being  about  6  miles  west  of  Porterville,  and  a  breadth  of  about 
4  miles.    Some  of  the  land  within  exterior  boundaries  has  been  excluded. 

The  entire  bond  issue  has  been  expended  in  completing  the  canal 
system.  The  bonds  could  not  be  sold  readily  and  were  finally,  through 
the  hands  of  a  nominal  purchaser,  turned  over  to  the  contractors,  who 
ciirried  on  operations  by  hypothecating  them.  The  canal  system  con- 
sists of  a  main  water  way  to  and  into  the  district — Porter  Slough — aud 
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two  principal  laterals,  one  on  each  side  of  Tale  Biver.  At  the  head  of 
Porter  Slough  a  cut  700  feet  long  has  been  made  from  the  river  into 
the  slough.  In  this  cut  a  regulating  gate  36  feet  wide  has  been  placed, 
which  is  intended  to  serve  the  irrigation-district  canal  as  well  as  the 
Hnbbs  &  Miner  Ditch.  Of  its  9  bays  or  openings,  7  are  for  the  district 
and  2  for  the  other  ditch.  After  flowing  in  Porter  Slough  for  7  or  8 
miles  the  district  water  is  taken  into  a  large  canal  whose  head  is  3 
miles  west  of  Porterville,  and  which  has  a  westerly  course  for  2  j  miles 
to  a  point  near  the  north  bank  of  Tule  River.  The  water  is  there 
separated  into  two  canals,  of  which  one  has  a  northerly  course  back  to 
Porter  Slough  and  the  other  drops  its  water  into  Tule  River,  from 
which  it  is  again  reclaimed  half  a  mile  below.  Porter  Slough  is  the 
main  north  side  lateral  for  6  or  7  miles;  thence  an  artificial  canal  con- 
tinues westward  to  near  the  western  limit  of  the  district.  The  south- 
side  main  lateral  has  a  course  almost-due  west  for  II  to  12  miles,  hold- 
ing a  position  within  one-half  mile  to  a  mile  of  the  south  boundary  of 
the  district.  The  older  ditches  within  the  district  and  smaller  laterals 
complete  the  distributing  system.  The  dropping  of  the  south-branch 
water  into  Tule  River  r  only  a  temporary  arrangement,  it  being  pro- 
posed to  carry  this  water  over  the  river  in  a  flume. 

Water  is  expected  in  the  district  canals  from  about  March  1  to  July  1. 
The  irrigators  are.  this  season  allowed  to  take  water  as  they  please, 
canal  operation  being  blocked  by  litigation.  It  was  at  first  proposed 
to  meet  operating  expenses  by  levying  an  assessment  upon  the  property 
of  the  district.  This  was  done  one  season,  and  cost  of  operation  was 
about  $2,000.  The  following  year,  1896,  water  was  sold  at  20  cents  per 
irrigating  head  per  hour,  the  head  of  water  being  understood  to  mean 
the  amount  which  would  pass  over  a  clear  overfall  4  feet  long  and  1 
foot  deep.  This  year,  as  already  stated,  water  is  taken  by  irrigators 
as  they  can  get  it, 

TIPTON  IRRIGATION  DISTRICT. 

The  Tipton  irrigation  district  is  a  second  district  dependent  upon 
Tule  River  for  its  water  supply,  but  its  right  to  make  a  diversion 
extends  only  to  the  flood  flow  of  the  river.  This  district  was  organ- 
ized in  1891.  It  contains  17,040  acres,  located  on  the  south  side  of 
Tule  River,  south  of  the  lower  portion  of  the  Tule  River  irrigation 
district.  A  first  issue  of  bonds  of  $50,000  was  followed  by  a  second 
to  the  amount  of  $20,000,  but  the  second  series  has  never  been  dis- 
posed of. 

The  district  receives  water  through  Gallison  Slough,  the  southernmost 
delta  channel  of  Tule  River.  Arrangements  were  made  with  the  Woods 
Central  Irrigating  Ditch  Company  whereby  a  regulating  gate  was  to 
be  placed  and  maintained  for  common  use  in  the  head  of  the  slough. 
This  was  done.  The  gate  was  made  30  feet  wide,  20  feet  for  the  irriga- 
tion district,  and  10  feet  for  the  Woods  Irrigating  Ditch.    The  main 
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district  canal  was  taken  out  of  the  slough  about  2^  miles  below  its 
separation  from  the  river.  It  reached  the  district  by  a  course  a  little 
south  of  west,  and  four  principal  laterals  were  extended  from  it  west- 
ward into  the  district. 

The  canal  system  cost  the  district  $50,000  in  bonds  and  an  additional 
$11,000  represented  by  outstanding  warrants.  Here,  as  in  other  dis- 
tricts, bonds  did  not  sell  readily  for  cash  at  or  above  the  limit  pre- 
scribed by  law,  and  here  too  the  balk  of  them  went  to  the  contractors 
of  ditch  work  through  a  nominal  purchaser. 

The  tax  collector  of  the  district  has  been  temporarily  enjoined  firom 
selling  property  for  delinquent  taxes.  The  residents  of  the  districts 
do  not  seem  able  to  pay  the  irrigation  tax,  which  has  been  from  3  to 
over  4  per  cent  per  annum.  The  operating  expenses,  including  salaries 
of  all  officials  and  employees,  were  about  $3,000  while  the  district  was 
still  in  operation.  Irrigation  ha^  therefore  been  extended  very  little, 
if  any,  under  the  district  system,  so  that  on  the  whole  the  outlook  for 
this  district  is  not  encouraging. 

METHODS  OF  IRRIGATION. 

Irrigation  firom  Tnle  River,  with  its  many  channels  of  slight  depth, 
is  very  readily  accomplished ;  so  easily,  in  fact,  that  most  of  the  farmers 
along  its  banks  have  in  the  past  drawn  its  water  through  small  ditches, 
generally  owned  in  common  by  several  irrigators.  Small  high-water 
ditches,  frequently  without  head  gates,  are  numerous,  and  there  are  but 
few  irrigation  works  on  a  large  scale.  The  dams  in  use  to  divert  the 
water  into  the  heads  of  the  ditches  are  usually  temporary  structures 
of  sand  and  brush.  The  only  ones  which  are  expected  to  withstand  the 
freshets  are  those  at  canal  heads  above  Porterville.  The  banks  of  Tule 
Eiver  are  so  low  that  but  little  cutting  is  required  to  carry  water  from 
the  point  of  diversion  away  from  the  river  banks.  Only  the  lands  near 
and  above  Piano  and  Porterville,  and  those  along  the  Farmers'  Canal, 
arc  favored  with  water  for  irrigation  during  more  than  the  spring 
months. 

Crops  cultivated  above  Porterville  are  principally  fruits,  including 
citrus  fruits,  for  which  this  section  is  famed,  vegetables,  and  other 
summer  crops.  Below  Porterville  the  most  important  crop  irrigated  is 
alfalfa.  Most  of  the  irrigated  land  near  Porterville  and  Piano,  where 
not  in  the  river  bottom,  is  a  moderately  dark  loam.  Water  is  applied 
to  trees,  vines,  and  vegetables  in  furrows  run  between  rows.  The  slope 
of  the  ground  in  the  region  just  indicated  is  ordinarily  too  great  to 
permit  of  irrigation  by  any  of  the  systems  of  flooding  in  checks,  as 
elsewhere  practiced.  When  irrigating  in  farrows,  the  water  is  deliv- 
ered into  a  number  of  these  at  the  same  time  from  a  small  distributing 
ditch.  The  quantity  of  water  admitted  into  each  is  so  small  that  it 
does  not  cause  erosion.  As  soon  as  the  loose  soil  between  furrows  is 
thoroughly  wet,  irrigation  is  complete  and  water  is  turned  off. 
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This  systein  of  irrigation  was  observed  on  a  hillside  about  1  mile 
east  of  Porterville.  Water  was  diverted  from  a  branch  of  the  Pioneer 
Ganal  into  a  small  distributary  lying  along  the  npper  edge  of  the 
orchard  to  be  irrigated.  The  amount  used  as  an  irrigating  head  was 
about  half  a  second-foot.  From  the  distributing  ditch  the  water  was 
diverted  at  regular  intervals  through  small  tubes  of  tin,  stuck  through 
short  boards  and  placed  temporarily  into  the  side  of  the  ditch;  thence 
it  found  its  way  into  the  furrows.  The  grade  of  the  furrows  was  about 
1  foot  in  20.  The  water  was  allowed  to  flow  in  thirty  furrows  at  the 
same  time  and  required  the  attention  of  one  man.  Constant  attendance 
was  required,  but  the  labor  was  very  light.  This  system  of  irrigation 
can  be  practiced  to  advantage  only  in  the  daytime.  The  furrows  were 
about  3  feet  apart;  there  were  three  ftirrows  between  each  two  rows  of 
trees. 

By  means  of  this  system  of  irrigation  the  ground  was  wet  to  a  depth 
of  3  feet  or  more.  After  a  few  days  the  ground  was  well  cultivated,  in 
order  to  reduce  the  loss  of  water  Arom  the  surface  by  evaporation.  The 
soil  of  the  tract  thus  irrigated  is  a  light  black  loam,  a  dry  bog,  which 
becomes  very  soft  and  sticky  when  wet.  The  proprietor  gave  bis  vines 
and  trees  only  one  irrigation  per  annum.  The  average  annual  rainfall 
in  this  vicinity  is  about  11  inches.  It  is  less  at  points  farther  west, 
being  only  about  7  inches  along  the  central  line  of  Ban  Joaquin  Valley 
at  points  opposite  Porterville. 

Lands  along  Tule  Biver  west  of  Porterville  are  for  the  most  part 
level  and  have  a  smooth  surface.  Irrigation  is  generally  accomplished 
by  flooding  in  checks  having  an  area  of  only  a  few  acres  each.  Alfalfa  is 
irrigated  every  four  to  six  weeks  while  water  is  available;  orchards  and 
vineyards,  once  or  twice  a  season,  according  to  water  supply ;  corn  land, 
ordinarily  once  before  seeding;  and  vegetables,  almost  continuously 
during  the  time  water  is  available.  Every  ditch  owner  tries  to  keep 
water  in  his  ditch  as  long  as  possible,  because  it  is  useful  for  stock 
purposes  when  not  required  for  irrigation.  The  soil  along  the  river  is 
generally  a  sandy  loam,  usually  resting  on  Arm  clay,  called  hardpan, 
found  at  a  depth  of  1  to  6  feet.  Ground  water  near  the  river  is  about 
14  feet;  it  is  to  some  extent  affected  by  the  flow  of  water  in  the  river 
and  in  ditches  and  its  use  in  irrigation;  but  the  time  between  irrigation 
periods  is  so  long  that  the  water  table  has  not  been  permanently  raised 
in  consequence  of  irrigation.  Irrigation  has  produced  no  marked 
changes  in  the  character  of  the  soil,  though  it  is  occasionally  claimed 
to  have  been  the  cause  of  an  increase  of  alkali  at  the  surface  of  some 
of  the  lands  irrigated.  Fevers  are,  and  always  have  been,  prevalent  to 
some  degree  along  Tule  Kiver,  and  it  is  not  possible  from  the  limited 
data  collected  to  determine  to  what  extent  the  healthfulness  of  the 
country  has  been  afiected  by  the  practice  of  irrigation. 

Private  ownership  of  ditches  has  been  the  rule  on  Tule  Biver. 
The  sale  and  measurement  of  water  is  now,  however,  about  to  become 
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au  established  fact  ou  the  Pioaeer  Gaaal,  and  has  already  been  intro- 
duced in  the  Tule  River  irrigation  district;  but  it  practically  amonntB 
only  to  systematizing  water  distribution,  compelling  economic  use,  and 
putting  the  burden  of  canal  maintenance  upon  the  irrigator  alone,  the 
sale  being  restricted  either  to  holders  of  canal  stock  or  to  taxpayers  iu 
a  district. 

PUMP  IRRIGATION  AT  liLNDSAY. 

The  water  development  by  means  of  artesian  wells  in  San  Joaquin 
Valley  is  a  subject  of  considerable  interest,  but  can  not  be  dealt  with 
fully  iu  this  paper,  owing  to  lack  of  detailed  information  concerning 
recent  developments.  But  the  use  of  water  secured  by  pumping  from 
a  subsurface  source  has  been  so  successful,  in  at  least  one  portion  of 
the  field  under  consideration,  that  a  brief  reference  to  it  will  not  be  out 
of  plac;e. 

Lindsay  is  a  new  settlement  on  the  east-side  valley  plain,  about  10 
miles  northwest  of  Porterville.  It  was  at  first  proposed  to  bring  water 
into  that  locality  from  Kaweah  River,  but  before  the  difiiculties  iu  the 
way  of  canal  construction  were  overcome  it  was  found  that  a  layer  of 
sand  at  about  60  to  65  feet  below  the  surface  afforded  a  fair  supply 
of  water.  Centrifugal  i)umps  have  been  brought  into  service  to  develop 
this  water  su[)ply.  The  puinps  are  placed  in  pits  about  30  feet  deep, 
near  the  surface  of  the  ground  water,  and  water  is  delivered  by  them 
through  pipes  to  the  place  of  use.  Both  steam  and  gasoline  engines 
are  in  use  to  supply  power.  The  irrigation  is  confined  almost  exclu- 
sively to  citrus  fruits,  the  cultivation  of  which  commenced  in  this  locality 
about  five  years  ago.  The  water  surface  in  the  wells  is  lowered  during 
pumping  from.  10  to  27  feet,  according  to  pump  capacity.  The  total 
height  water  is  raised,  including  friction  in  pipes,  is  said  to  exceed  iu 
some  cases  70  feet.  One  irrigator,  with  2}  cords  of  oak  wood  at  $4  a 
cord,  and  one  pump,  claims  to  be  able  to  irrigate  from  20  to  25  acres  of 
orchard  land  per  day,  according  to  distance  from  pump.  The  method 
of  irrigation  is  by  multiple  furrows  between  rows  of  trees.  The  soil  is 
a  rather  stifi',  chocolate-colored  loam. 

There  are  four  steam  pumping  plants  and  about  six  gasoline  pumping 
plants  now  iu  that  vicinity. 

Irrigation  is  continued  throughout  the  summer  months  from  about 
May  1  to  October  1.  Trees  over  one  year  old  receive  water  every  five 
to  six  weeks  ^  younger  trees  more  frequently. 
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LETTER   OF  TRANSMITTAL, 


Department  of  the  Interior, 
Unijed  States  Geological  Survey, 

Division  of  Hydrography, 

Washington^  July  6',  1898. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
Irrigation  near  Fresno,  California,  by  Mr.  0.  E.  Grunsky,  and  to  recom- 
mend that  it  be  published  as  one  of  the  series  of  pamphlets  on  Water 
Supply  and  Irrigation.  This  is  the  second  of  three  papers  relating  to 
irrigation  in  San  Joaquin  Valley,  the  other  two  being  Nos.  17  and  19 
of  the  series.  It  relates  mainly  to  the  irrigation  systems  deriving  their 
water  supply  from  Kaweah  and  Kings  rivers,  and  covering  the  agri- 
cultural lands  on  the  east  side  of  San  Joaquin  Valley,  between  Visalia 
and  Fresno. 

Very  respectfully, 

*  F.  H.  Newell, 

Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey, 
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IRRIGATION  NEAR  FRESNO,  CALIFORNIA/ 


By  0.  E.  Gbunsky. 


KAWEAH  BIVEB. 

HYDROGRAPHY. 

Eaweah  Eiver  enters  San  Joaquin  Valley  from  the  east,  passing 
between  Dillons  Point  on  the  north  end  and  Wutchnmna  Hill  on  the 
south,  about  15  miles  east  of  Yisalia.  Its  drainage  basin  above  that 
point  has  an  area  of  619  square  miles,  mostly  low  mountain  country. 
The  river  has  a  perennial  flow,  but  its  flow  is  comparatively  small  at  low 
stages,  ordinarily  about  30  second-feet.  The  low-water  period  usually 
begins  in  August  and  continues  through  January.  The  river  is  sub- 
ject to  freshets  in  the  winter  months,  and  is  at  its  highest  stages  in 
April,  May,  and  June.  Medium  stages  are  expected  throughout  Feb- 
ruary, March,  and  July.  The  monthly  mean  flow  at  the  river's  highest 
stage  exceeds  4,000  second-feet.^ 

Before  the  freshets  of  1861-62,  which  have  become  memorable,  the 
river  annually  overflowed  large  areas  in  its  course  across  the  east-side 
valley  plain,  and  numerous  high-water  channels  carried  its  waters 
toward  Tulare  Lake.  The  portion  of  its  overflowed  district  to  the  east 
of  or  above  Yisalia  is  generally  referred  to  as  Yisalia  Swamp.  Four  of 
the  river  channels — Elbow  Greek,  Yisalia  or  Mill  Creek,  Packwood 
Creek,  and  Deep  Creek — gave  the  name  of  "  Four  Creek  Country  "  to 
the  vicinity  of  Yisalia.  The  channel  at  the  northern  edge  of  the  over-, 
flowed  land  was  known  as  Canoe  Creek  above  Iron  Mountain,  and  as 
Elbow  Creek  below  that  point.  The  course  of  Elbow  Creek  is  north 
of  west  to  a  junction  with  Cottonwood  Creek,  a  small  water  course 
from  the  northeast,  thence  southwesterly  to  a  reunion  with  Kaweah 
River  water  in  Cross  Creek,  which  name  is  given  to  the  lower  portion 


*For  an  acooant  of  irrigation  in  other  parts  of  San  Joaquin  Valley,  see  Water-Supply  and  Irriga- 
tion Papers  Ifos.  17  and  19.  These  three  papers  are  based  largely  upon  information  collected  by  the 
State  engineering  department  of  California  ten  years  ago,  and  are  intended  to  supplement  the  two 
volumes  issued  by  that  department,  namely :  Irrigation  Development,  History,  Customs,  Laws,  etc., 
in  France,  Italy,  and  Spain,  by  Wm.  Ham.  Hall,  C.  E.,  State  Engineer,  Sacramento,  California,  1886 ;  and 
Irrigation  in  Caiiforaia  (Southern),  Part  2  of  Keport  of  Wm.  Ham.  Hall,  C.  E.,  State  Engineer  of  Call- 
fomia.  1888.    (See  introductory  paragraph  on  page  13  of  Water-Supply  and  Irrigation  Paper  No.  17.) 

'Physical  Data  and  Statistics,  Wm.  Ham.  Hall,  State  Engineer  of  California,  pp.  455,  476. 
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of  St.  Johns  Channel  of  the  river.  Deep  Creek  was  the  principal 
south  marginal  stream.  It  received  water  from  the  main  channel  of 
the  river  8  miles  east  of  Yisalia  and  lost  its  identity  about  5  miles 
southeast  of  Visalia,  where  its  waters  spread  and  were  received  into 
other  channels  of  different  names.  Yisalia  Creek  and  Packwood 
Creek  were  the  names  given  to  the  two  water  courses  into  which  the 
main  channel  of  Kaweah  River  separated  5  miles  above  Yisalia.  The 
course  of  Yisalia  Creek  was  westerly  through*  Yisalia,  that  of  Pack- 
wood  Creek  southwesterly.  To  understand  the  changes  made  in  the 
system  of  principal  channels  of  the  river  by  the  high  waters  of  1862 
and  the  effects  of  these  changes,  it  is  necessary  to  know  that^even 
preceding  that  year,  irrigation  and  drainage  work  had  been  done  in 
the  Kaweah  Biver  delta.  The  Shix)p  Cut  had  been  made  in  1854.  It 
was  a  small  drain  ditch  from  the  swamp,  near  where  Eocky  Ford  now 
is,  southwesterly  to  a  connection  with  Canoe  Creek.  A  canal  Lad 
been  constructed  from  Yisalia  Creek  into  Yisalia  to  supply  power  to  a 
flour  mill.  The  Lander  Ditch,  the  Watson  Ditch,  and  a  number  of 
other  small  ditches  from  Yisalia  and  Packwood  creeks  had  also  become 
dependent  upon  the  flow  of  water  in  the  river  channels  at  the  south  of 
Yisalia.  The  freshets  of  1861-62  cut  a  new  channel  from  a  point  on 
Kaweah  River  about  14  miles  east  of  Yisalia  in  a  northwesterly  direc- 
tion toward  and  along  the  northern  border  of  Kaweah  Klver  Swamp. 
Shipp  Cut  and  a  section  of  Canoe  Creek  were  enlarged  by  the  flood 
waters  and  became  a  part  of  this  new  channel,  and  finally  a  connec- 
tion was  established  with  the  Cross  Creek  chancel  below  Yisalia,  and 
thus  St.  Johns  Channel  of  Kaweah  Eiver  was  permanently  estab- 
lished. At  the  same  time  a  new  high-water  channel  was  washed  out 
toward  the  northeast  from  a  point  on  Kaweah  Eiver  6  miles  above 
Yisalia  to  a  connection  with  this  new  channel.  This  is  known  as  Sand 
Slough,  which  still  remains  as  a  connection  between  the  two  river 
channels  at  a  point  where  they  are  only  about  one-half  mile  apart. 
The  same  high  waters  caused  so  much  erosion  in  Landers  Ditch  that 
it  became  a  branch  of  the  river,  and  is  generally  referred  to  as  Landers 
Slough.  Its  upper  portion  was  long  in  use  as  the  channel  through 
which  the  Consolidated  Peoples  Ditch  received  its  water. 

The  upper  sections  of  the  original  main  channel  of  Kaweah  Biver 
were  obstructed  by  the  drift  and  silt  deposits  of  these  freshets,  and  as  the 
low- water  period  of  1862  approached,  it  was  found  that  water  was  scarce 
for  those  depending  upon  Deep  Creek,  Packwood  Creek,  and  Yisalia 
Creek  for  their  supply,  and  many  x)rojects  were  proposed  for  relief. 
During  the  years  immediately  following,  a  number  of  ditches  were  con- 
structed from  the  St.  Johns  Channel  of  the  river,  near  Rocky  Ford, 
southwesterly  to  the  original  main  channel.  Such  were  Longs  Oanal, 
Ketchum  Canal,  and  the  Bostwick  Cut.  All  of  these  were  intended 
to  increase  the  flow  in  the  delta  streams  at  and  southward  of  Yisalia. 
After  much  contention  between  settlers  on  these  several  streams  as  to 
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the  apportionmeDt  of  their  scant  sapply  of  water,  it  was  agreed,  in  1867, 
that  a  gate  shoald  be  constructed  in  the  head  of  Yisalia  Greek.  This 
gate  was  not,  however,  maintained  long.  The  freshets  of  1867-68  were 
almost  eqaal  to  those  of  1861-62  and  effected  farther  enlargement  of 
the  St.  Johns  Channel.  They  refilled  and  otherwise  destroyed  some 
of  the  ditches  that  had  been  opened  as  connections  between  the  two 
rivers.  They  washed  out  the  gate  iu  the  head  of  Visalia  Creek,  and 
partially  closed  the  headsof  Packwood  and  Deep  creeks.  They  enlarged 
Sand  Slough.  At  the  same  time  the  upper  portions  of  the  old  channel 
of  Kaweah  River  were  further  obstructed  by  drift  and  silt,  and  a  new 
head  of  St.  Johns  Channel  was  eroded  about  a  mile  above  the  former 
X>oint  of  separation  of  the  two  channels. 

To  overcome  the  increased  difficulties  of  keeping  a  good  supply  of 
water  in  those  channels  of  the  river  reaching  the  vicinity  of  Visalia, 
many  ineffectual  efforts  were  made  and  much  money  was  almost  use- 
lessly expended  until,  in  1877,  a  contract  was  entered  into  with  Mr. 
Samuel  Fowler  by  the  Kaweah  Canal  and  Irrigation  Company,  the  Con- 
solidated Peoples  Ditch  Company  being*  an  interested  party,  to  open 
the  old  channel  of  the  river.  The  cut  then  made,  practically  following 
the  old  channel,  was  enlarged  and  deepened  by  erosion,  until  a  few 
years  thereafter  it  was  again  the  low- water  channel  of  Kaweah  River. 
Another  obstructed  section  of  the  old  channel  near  the  head  of  the 
Consolidated  Peoples  Ditch,  about  10  miles  east  of  Visalia,  was  improved 
about  the  same  time  by  the  Kaweah  and  Mill  Creek  Water  Company, 
and  has  since  been  known  as  the  Visalia  Cut  or  Hamilton  Cut. 

The  obstructed  head  of  Packwood  Creek  was  improved  by  the  Rocky 
Ford  Canal  Company,  but  was  not  in  service  long.  This  creek  now 
receives  its  principal  supply  of  water  through  the  Bacon  &  Crossmore 
Cut  from  Visalia  Creek.  It  has  a  southwesterly  course,  and  such  of  its 
water  as  is  not  used  for  irrigation  is  delivered  into  Tulare  Lake. 

Cross  Creek  has  already  been  mentioned  as  receiving  the  water  of  St. 
Johns  Channel,  Elbow  Creek,  and  Cottonwood  Creek.  After  approach- 
ing within  4  miles  of  Traver  its  course  becomes  southwesterly  to  a  union 
with  some  of  the  old  high- water  delta  channels  of  Kings  River.  Its 
course  is  thence  southerly  along  the  eastern  border  of  this  delta  to 
Tulare  Lake,  which  receives  its  water. 

Visalia  or  Mill  Creek  separates  into  two  channels  soon  after  passing 
through  Visalia.  The  course  of  one  of  these  is  a  little  north  of  west, 
that  of  the  other  southwest.  Both  unite  with  Cross  Creek  before  reach- 
ing Tulare  Lake. 

Cameron  Creek  is  one  of  the  lesser  delta  channels  of  Kaweah  River. 
It  receives  a  portion  of  the  flow  of  Deep  Creek  at  a  point  about  6  miles 
due  east  from  Visalia,  and  has  a  southwesterly  course  to  Tulare  Lake. 
It  passes  just  to  the  northward  of  Tulare.  An  artificial  channel  at  the 
head  of  this  water  way,  constructed  to  improve  its  connection  with  Deep 
Greek,  was  closed  by  an  order  of  court  some  years  ago. 
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Deep  Greek  has  already  been  mentioned.  Its  waters  at  the  spread  or 
sink  of  the  creek  were  conducted  by  small  artificial  channels  into  Lower 
Deep  Greek  and  Bates  Slough.  These  artificial  channels  were  soon  so 
enlarged  by  erosion  that  the  two  lower  sloughs  have  become  extensions 
of  the  Deep  Greek  channel  and  conduct  its  waters  onward  southwesterly 
toward  Tulare  Lake. 

Outside  Greek  has  a  course  along  the  eastern  margin  of  the  Kaweah 
delta.  The  creek  can  not  be  traced  to  a  direct  connection  with  the 
present  river  channels.  It  may,  in  fact,  be  regarded  as  the  extension 
into  the  river  delta  of  Yokohl  Greek,  a  small  stream  draining  a  x>ortion 
of  the  foothill  section  intermediate  between  the  Kaweah  Eiver  and  Tule 
Biver  drainage  basins;  but  in  times  of  flood  the  natural  flow  of  some 
of  the  river  water  was  into  depressions,  reaching  a  point  that  may  be 
regarded  as  the  head  of  Outside  Greek,  about  9  miles  east  of  Yisalia. 
The  creek  now  receives  an  occasional  inflow  of  foothill  drainage  waters 
from  the  east  and  the  waste  water  from  some  of  the  branches  of  the 
Consolidated  Peoples  Ditch.  The  water  of  Outside  Greek  is  distributed 
to  a  number  of  channels,  the^most  southerly  of  which  is  Elk  Bayou, 
which  unites  southeast  of  Tulare  with  tbe  old  channel  of  Tule  River, 
and  thence  has  a  southwesterly  course  to  a  union  with  the  present  main 
channel  of  Tule  Eiver. 

CANALS  AND  DITCHES. 

Wutchumna  Canal. — This  is  the  upper  north-side  diversion  of  water 
from  Kaweah  Elver.  The  head  of  the  canal  is  at  the  base  of  the  slope 
of  Dillons  Point,  a  foothill  spur  rising  to  the  northward.  Thence  it 
has  a  westerly  course  for  4  miles  to  a  flat  depression,  which  its  water 
converts  into  a  lake  of  about  40  acres,  known  as  Bravo  Lake.  Leaving 
Lake  Bravo,  the  westerly  course  of  the  canal  is  maintained  4  miles 
farther  to  the  northern  base  of  Iron  Mountain,  and  thence  6  miles  south- 
westerly to  St.  Johns  Channel,  about  4  miles  above  Visalia,  where  its 
water  is  carried  over  the  river  channel  in  a  flume.  The  main  canal 
then  flows  westerly  near  the  south  bank  of  the  river  about  2  miles  to 
a  junction  with  Old  or  Lower  Wutchumna  Ditch,  whose  branches 
extend  far  to  the  west  of  Visalia. 

The  Wutchumna  Water  Gompany  was  incorporated  in  1872  for  the 
avowed  purpose  of  eflfecting  a  better  distribution  of  water  to  the  sev- 
eral ditches  dependent  upon  Kaweah  Eiver  for  their  supply,  but  various 
difficulties  were  encountered  which  prevented  the  enterprise  from  meet- 
ing with  anticipat/cd  success,  and  it  was  not  until  1880  that  a  connec- 
tion between  the  upper  diversion — work  on  which  is  reported  to  have 
commenced  in  1872 — and  the  distributing  system  of  the  lower  canal 
was  finally  established.  The  lower  canal  was  constructed  in  1873  or 
1874.  Its  head  is  on  the  south  side  of  the  St.  Johns  Ghaunel  of 
Kaweah  Eiver,  about  3  miles  northeast  from  Visalia.  It  established  a 
direct  southerly  connection  between  St.  Johns  Eiver  and  Visalia  Greek, 
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and  for  three  years  its  water  furnished  power  for  the  floar  mill  in 
Yisalia.  The  principal  branch  of  the  Lower  Watchamna  Ganal  has  a 
westerly  course,  passing  just  to  the  north  of  Yisalia  and  terminating 
at  a  point  about  4  miles  south  from  Goshen. 

The  first  work  at  the  head  of  the  Wutchumna  Ganal  seems  to  have 
been  done  by  Stephen  Barton,  who  subsequently  appears  as  one  of  the 
directors  in  the  Pioneer  Ganal  Gompany,  which  was  incorporated  in 
1377,  and  which  during  that  season  constructed  a  ditch  on  the  line 
adopted  by  the  Wutclmmna  Ganal  as  far  as  Bravo  Lake.  When  the 
Wutchumna  Ganul  Gompany,  as  successor  of  the  Pioneer  Gompany, 
assumed  control,  this  upper  ditch  was  extended  along  the  route  already 
described. 

The  canal  head  gate  or  regulator  has  been  placed  in  a  rock  cut,  and, 
as  a  result  of  this  location  of  the  head  of  the  canal,  expenditures  of 
maintenance  became  unusually  heavy  when,  a  few  years  after  the 
canal  came  into  use,  it  became  necessary  to  cut  the  upper  section  of 
the  canal  4  feet  deeper. 
This  was  done  ata  cost  point' 

of  $6,000.     The  total  5  .^1irf|%*'#- 

cost  of  canal  construe-  "" " 

tion  has  probably  ex- 
ceeded $60,000.  The 
head  gate  width  is  20 
feet,  and  this  may  be 
regarded  as  the  aver- 
age bed  width  of  the 
canal  throughout  its 
principal  section.  Its 
fall  is  reported  to  be 
nearly  7  feet  to  the  mile 
for  4  miles,  thence  2^  feet  to  the  mile.  The  flume  across  St.  Johns  Riveris 
14  feet  wide,  2  feet  deep,  and  about  150  feet  long.  It  was  built  in  1880.  The 
head  gate  of  the  Lower  Wutchumna  Ganal  is  a  little  over  11  feet  wide. 

For  a  distance  of  about  4  miles  westward  from  Lake  Bravo  the  canal 
follows  the  original  alignment  of  the  Gurtis  &  Lindsey  Ditch.  This 
ditch  was  enlarged,  and  its  owners  were  granted  aright  to  use  that  sec- 
tion of  the  Wutchumna  Ganal. 

The  canal  is  owned  by  an  incorporated  company  whose  shares  are  all 
in  the  hands  of  about  thirty  persons.  All  canal  expenses  are  met  by 
assessment  of  the  stockholders.  Each  stockholder  is  entitled  to  a  pro- 
portional part  of  the  water  in  the  canal,  and  he  may  dispose  of  this  at 
his  pleasure.  He  may  lease  this  to  whom  he  pleases,  but  not  in  less 
amounts  than  full  shares.  The  distribution  of  water  is  in  charge  of  a 
canal  superintendent,  who  apportions  it  to  the  various  distributing 
ditches  in  proportion  to  the  number  of  shares  represented  in  each. 
Although  the  company  owns  some  of  the  shares  of  stock,  these  are  not 
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for  sale,  uor  will  the  company  lease  tbeni  or  tbe  water  which  they  repre- 
sent. By  retaining  these  the  company  increases  the  proportional  part 
of  water  represented  by  each  of  the  other  shares.  The  canal  company 
bears  the  expense  of  tbe  necessary  strnctnres  at  the  heads  of  distrib- 
uting ditches,  bat  does  not  keep  them  in  repair  or  replace  them  if 
destroyed.  This  has  to  be  done  under  direction  of  the  canal  superin- 
tendent by  the  parties  directly  interested  in  their  maintenance. 

Curtis  &  Lindsey  Bitch. — This  ditch  has  its  head  on  the  north  side  of 
St.  Johns  Eiver,  4  miles  below  the  head  of  the  Wutchumna  Canal.  It 
has  a  northwesterly  course  for  one-half  mile  to  a  connection  with  the 
Wutchumna  Canal,  into  which  it  drops  its  water.  Four  miles  below 
this  point  the  water  dropped  into  the  Wutchumna  Canal  is  again  taken 
out  by  a  ditch  4  miles  long  having  a  northwesterly  course  and  termi- 
nating on  the  bottom  lands  of  Cottonwood  Creek.  The  Curtis  &  Lind- 
sey Ditch  was  constructed  in  1876,  and  its  extension  toward  Cotton- 
wood Creek  was  made  in  the  following  year.  Soon  afterwards  4  miles 
of  its  course  were  adopted  as  the  alignment  for  the  Wutchumna  Canal, 
so  that  the  ditch  now  appears  in  two  sections,  of  which  the  lower  one 
may  also  be  considered  a  branch  of  the  Wutchumna  Canal.  The  ditch 
is  also  known  as  the  Curtis,  Lindsey  &  Moffitt  Ditch.  Its  width  was 
about  10  feet  on  the  bottom,  and  its  fall  between  2  and  3  feet  to  the 
mile,  but,  so  far  as  known,  the  extent  of  irrigation  from  it  has  not 
exceeded  several  hundred  acres. 

Venice  Ditch. — This,  called  also  North  Side  Eocky  Ford  Ditch,  is  a 
small  north- side  ditch  which  seems  to  have  been  first  used  about  1873. 
It  was  extended  and  enlarged  somewhat  in  1877.  Its  head  is  at  Becky 
Ford.  It  has  a  westerly  course  to  Iron  Mountain,  thence  skirts  the 
eastern  and  southern  base  of  this  mountain,  and  terminates  2  miles 
farther  west.  It  is  about  6  miles  long  and  3  to  8  feet  wide.  Ownership 
in  the  ditch  is  represented  by  shares  held  by  the  farmers  who  use  its 
water. 

Elbow  Ditch  No.  1. — ^The  flow  of  Elbow  Creek,  which  leaves  St.  Johns 
Eiver  at  a  point  about  5  miles  above  Visalia,  is  controlled,  in  a  measure 
at  least,  by  a  regulator  or  head  gate  8  feet  wide,  and  is  frequently 
referred  to  as  Elbow  Ditch  No.  1.  The  upper  part  of  the  creek  is  an 
enlargement  by  erosion  of  a  portion  of  the  ditch  known  as  Shipps  Cut, 
which  was  constructed  in  1854. 

Matthew  Ditchj  or  Elbow  Ditch  No.  2. — This  is  a  small  ditch  having 
its  head  on  the  north  side  of  St.  Johns  Eiver,  about  2  miles  below  the 
head  of  Elbow  Creek.  It  was  constructed  in  1855,  but  with  a  some- 
what different  alignment  from  the  present.  The  freshets  of  1861-62 
so  changed  the  position  and  character  of  Kaweah  Elver  that  the  head 
of  the  ditch  had  to  be  carried  upstream.  It  is  difficult  to  determine 
whether  the  ditch  remained  in  continuous  use.  The  head  gate  was 
put  into  the  new  ditch  in  1875  and  was  set  somewhat  lower  than 
the  bed  of  the  river.    A  few  years  later  erosion  had  progressed  in 
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the  river  chaniiel  to  such  extent  that  a  wing  dam  had  to  be  used  to 
divert  water  into  the  ditch.  The  ditch  has  a  northwesterly  course,  is 
abont  6  miles  long,  6  feet  wide  on  the  bottom,  carries  water  about  1^ 
feet  deep,  and  has  a  grade  of  about  G  feet  to  the  mile.  It  irrigates 
between  200  and  300  acres,  of  which  nearly  one-half  is  alfalfa. 

Curtis  Ditch. — About  1S79  there  was  a  small  ditch  in  use  occasionally 
for  the  irrigation  of  a  few  acres  of  alfalfa  on  the  north  side  of  St.  Johns 
River  about  a  mile  below  the  head  of  the  Matthew  Ditch.  It  was 
known  as  the  Curtis  Ditch,  and  has  fallen  into  disuse. 

Weston  Ditch. — Another  abandoned  small  ditch  which  was  in  use 
for  a  few  seasons  prior  to  1880  on  the  north  side  of  the  river,  about  a 
mile  above  the  head  of  the  Uphill  Ditch,  was  the  Weston  Ditch. 

UphiU  Ditch. — ^This  is  another  north-side  ditch.  Its  head  is  half  a 
mile  above  the  road  leading  northward  from  Yisalia.  Diversion  is 
made  from  the  river  without  the  use  of  any  permanent  weir.  The 
diverted  water  is  led  in  a  cut 
a  few  hundred  yards  north- 
westerly and  is  dropped  into 
a  natural  depression  or 
high-waterchannel,  in  which 
it  continues  on  the  same 
course  half  a  mile.  Thence 
it  is  taken  in  the  ditch 
proper  northerly  about  3 
miles  to  the  place  of  use  in 
the  vicinity  of  Elbow  Creok. 
The  head  gate  is  8  feet  wide. 
It  is  in  the  form  of  a  box  cul- 
vert, and  bears  a  heavy  fill 
of  sand  on  top,  intended  to 

give  it  stability.  The  sand  deposits  in  the  cut  to  the  river  above  the 
head  gate  have  made  it  somewhat  expensive  to  keep  the  head  of  the 
ditch  open.  The  ditch  was  constructed  in  1871.  It  was  made  8  feet 
wide  on  the  bottom,  and  was  intended  to  carry  water  2  feet  deep.  Its 
fall  is  20  inches  to  the  mile. 

Settlers  Ditch. — This  is  a  canal  which  for  many  years  was  of  consid- 
erable importance  as  a  source  of  water  supply  for  lands  in  the  eastern 
part  of  the  Kings  Eiver  delta.  The  canal  receives  water  through  a 
branch  of  Gross  Greek.  The  canal  regulator  is  on  the  north  side  of 
that  creek  3  miles  south  of  Traver.  The  creek  channel,  there  tapped 
by  the  canal,  is  really  the  extension  of  Cottonwood  and  Elbow  creeks, 
but  most  of  its  How  comes  through  a  cut,  the  real  head  of  Settlers 
Ditch,  a  quarter  of  a  mile  long,  leading  from  the  main  channel  of  Gross 
Creek  to  its  northern  branch,  at  a  point  about  4  miles  above  the  Set- 
tlers Canal  head  gate.  Where  the  canal  is  finally  diverted  from  Gross 
Greek  a  light  timber  weir  or  waste  gate  has  been  placed  across  the 
IBB  18 2 
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creek  channel.  The  canal  regalator  is  nearly  half  a  mile  below  the 
point  where  the  canal  leaves  the  natural  channel.  The  head  gate  is  32 
feet  wide.  It  has  eight  openings,  each  3  feet  (>  inches  wide  in  the  clear. 
The  gates  closing  these  openings  are  provided  with  sterns  to  which 
power  is  applied  by  means  of  levers. 

The  canal  proper  has  a  bed  width  at  and  near  its  head  of  32  feet,  and 
can  carry  water  2^  feet  deep.  It  has  9  inches  fall  to  the  mile,  and  a 
capacity  of  75  to  80  second-feet.  The  width  of  the  canal  is  reduced 
within  3  miles  of  its  head  gate  to  24  feet  on  the  bottom,  and  its  fall  to 
6  inches  to  the  mile.  Its  coarse  is  a  little  south  of  west  for  5  miles  to 
a  point  where  its  water  is  divided,  being  carried  thence  southerly  in 
two  channels,  of  which  the  easterly  branch  is  about  4^  miles  long,  and 
the  westerly  about  7  miles.  The  ditch  commands  a  territory  of  about 
8,000  acres,  of  which  as  much  as  5,000  acres  have  been  benefited  by  its 
water  in  a  single  season.  The  canal  construction  commenced  in  1874, 
and  considerable  land  was  irrigated  in  187G.  Water  was  available  only 
during  the  high  stages  of  Kaweah  Eiver. 

There  was  but  little  irrigation  with  water  from  this  canal  at  any  time 
to  the  east  of  the  Kings  River  delta  lands,  soils  being  too  alkaline  to 
encourage  cultivation.  The  extent  to  which  this  canal  is  now  in  use  is 
somewhat  problematical,  as  all  the  rights  to  water  which  it  was  sup- 
X)Osed  to  have  acquired  were  sold  to  the  Tulare  irrigation  district, 
which  has  made  a  diversion  from  the  St.  Johns  Biver  about  one-half 
mile  below  Bocky  Ford.  The  canal  is  still  in  service,  and  does  not 
appear  to  have  suffered  great  diminution  in  its  supply  of  water  daring 
the  high- water  stage  of  the  river.  The  Settlers  Ditch  Company,  v^hich 
built  the  Settlers  Canal  at  a  first  cost  of  approximately  $35,000,  was 
incorporated  in  1874  with  a  capital  stock  of  $10,000,  in  50  shares  of 
$200  each.  These  were  held,  at  the  time  of  the  sale  of  the  canal  water 
rights,  by  about  50  persons. 

All  expenses  of  construction,  repairs,  maintenance,  and  management 
have  been  met  by  assessing  the  stockholders.  Each  share  of  stock 
entitles  its  holder  ta  a  proportional  part  of  the  water  in  the  canal. 
Water  is  apportioned  to  each  branch  and  to  each  distributing  canal  in 
proportion  to  the  number  of  shares  for  which  each  draws  water,  l^o 
water  is  sold  by  the  canal  company,  nor  does  the  company  lease  any  of 
the  several  shares  which  have  reverted  to  it.  Each  stockholder,  how- 
ever, is  permitted  to  lease  his  water  to  other  persons,  and  can  have  it 
delivered  to  any  point  of  the  main  canal  or  its  branches  which  he 
selects.  Water  is  delivered  to  irrigators  through  gates  of  various 
forms,  generally  under  pressure.  Its  equitable  distribution  depends 
to  a  great  extent  on  the  judgment  of  the  superintendent.  Each  share 
of  water  is  supposed  to  be  sufficient  to  irrigate  160  acres.  The  cost 
of  water  to  the  irrigators  has  averaged  about  70  cents  per  acre  per 
annum. 

Lakeside  Ditch. — This  is  another  important  diversion  from  the  lower 
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portion  of  Cross  Greek.  The  head  of  this  canal  is  4  miles  below  the 
head  gate  of  the  Settlers  Canal,  and  6  miles  west  from  Goshen.  The 
diversion  from  the  natnral  creek  channel  is  accomplished,  as  in  the 
case  of  the  Settlers  Canal,  by  means  of  a  weir  or  waste  gate  placed  in 
the  creek  channel  below  the  head  of  the  canal,  and  a  regulator  or 
head  gate  in  the  latter  about  one- half  mile  below  its  head.  The  weir 
is  a  light  timber  structure  arranged  as  a  series  of  gates.  It  has  a  total 
width  of  41  feet.  Its  nine  openings  between  vertical  posts  are  each  4 
feet  wide  in  the  clear.  The  canal  head  gate  has  a  width  of  31  feet. 
The  space  between  side  walls  is  divided  by  vertical  posts  into  six  ox)en- 
ings,  each  about  4t^  feet  wide  in  the  clear.  These  openings  or  spaces 
between  posts  are  closed  with  vertically  sliding  gates,  to  the  stems  of 
which  power  is  applied  by  means  of  levers.  The  canal  has  a  south- 
westerly course  from 
its  head  for  about  3 
miles.  In  this  dis- 
tance it  has  a  bed 
width  of  30  feet  and  a 
fall  of  6  inches  to  the 
mile.  It  can  carry 
water  about  3  feet 
deep.  Its  branches 
extend  in  southerly 
and  southwesterly  di- 
rections to  the  vicinity 
of  Tulare  Lake.  The 
main  canal  and  prin- 
cipal branches  have 
an  aggregate  length 
of  about  50  miles  and 
command  about  20,000 
acres   of    land.    The 

cultures  on  at  least  as  much  as  one-half  of  this  area  may  be  considered 
to  have  been  benefited  by  irrigation  from  this  canal  in  a  single  season. 
The  canal  was  constructed  in  1874  and  the  years  immediately  following, 
at  a  total  first  cost  of  about  935,000. 

The  canal  is  owned  by  the  Lakeside  Ditch  Company,  which  was 
incorporated  on  August  7,  1874,  with  a  capital  stock  of  1110,000, 
divided  into  10,000  shares  of  $1  each.  On  February  20,  1875,  the 
capital  stock  was  increased  to  30,000  shares  of  $1  each.  These  shares 
were  owned  by  ninety- five  persons  in  1885.  Each  share  of  stock 
entitles  its  holder  to  a  proportional  share  of  water  in  tlie  canal.  The 
canal  company  does  not  sell  or  rent  water,  not  even  on  the  few  shares 
of  stock  held  in  the  company's  name.  Each  stockholder  can  have  his 
water  delivered  at  any  point  of  any  branch  of  the  company's  canal 
system.    He  can,  if  he  desires,  rent  or  sell  his  water  for  one  or  more 
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seasons.  The  company  originally  intended  to  deliver  to  each  stock- 
holder the  water  to  which  he  was  entitled  at  some  point  on  his  own 
land,  but  this  system  of  delivery  was  found  to  be  inexpedient  and  was 
abandoned  in  1876.  The  distribution  of  water  is  in  charge  of  a  canal 
superintendent,  who  apportions  the  water  to  the  various  branches 
of  the  canal  and  has  control  of  its  delivery  to  the  irrigator.  The 
average  annual  cost  of  water  from  this  canal  has  been  about  91.55 
per  acre. 

Jennings  Ditch. — This  is  a  small  ditch  which  has  its  head  on  the 
south  side  of  St.  Johns  River  a  little  more  than  a  quarter  of  a  mile 
below  the  head  of  the  Lower  Wutchumna  Ditch,  and  sends  its 
branches  into  the  northern  portion  of  Visalia  and  adjacent  territory. 
The  main  ditch  has  a  bed  width  of  10  feet.  The  diversion  of  water  is 
accomplished  by  means  of  a  light  wing  dam  of  sand  and  brush,  and 
the  flow  of  water  in  the  ditch  is  controlled  by  means  of  a  simple  regu- 
lator in  the  form  of  a  box,  10  feet  wide,  which  can  be  closed  with  loose 
flashboards.  Water  rights  of  an  old  date,  preceding  the  formation  of 
St.  Johns  Eiver,  are  claimed  for  this  ditch,  whose  head  has  been 
shifted  back  and  forth  between  Mill  Greek  and  St.  Johns  Kiver. 

Badgers  Ditch. — This  is  a  small  ditch,  about  4  feet  wide  on  the  bot- 
tom, which  supplies  water  to  a  few  acres  of  land  north  and  west  of 
Visalia.    It  was  constructed  about  1875. 

Modoc  CanaL—Thi^  canal  or  ditch  was  originally  intended  to  be 
made  a  distributary  for  the  Wutchumna  Canal  water.  It  was  con- 
structed in  1876.  Its  head  is  on  the  south  side  of  St.  Johns  River, 
just  above  the  road  leading  northward  from  Visalia.  Its  length  is 
about  4  miles,  the  course  being  a  little  south  of  west.  Its  bottom 
width  is  about  10  feet,  and  its  capacity  about  36  second-feet.  Owner- 
ship in  the  ditch  is  represented  by  shares  of  stock.  Water  is  distrib- 
uted to  stockholders  in  proportion  to  their  interests.  The  annual 
expense  of  maintenance  is  about  $100,  which  covers  the  constraction 
of  an  inexpensive  wing  dam  at  the  head  of  the  ditch.  The  area  actu- 
ally irrigated  is  about  1,000  acr^s. 

Hides  cfc  Weston  Ditch. — This  is  a  very  small  ditch  from  the  south 
side  of  St.  Johns  River,  about  200  yards  above  the  Modoc  Canal.  The 
ditch  is  4  to  5  feet  wide  on  the  bottom.  It  was  constructed  in  1879. 
It  receives  water  from  the  Wutchumna  Canal  in  addition  to  its  inde- 
pendent supply,  and  is  sometimes  called  the  Hicks  Branch  of  Wut- 
chumna Canal. 

Hayes  Upper  Ditch  (Ooshen  Ditch). — This  ditch  was  constructed  in 
1881  or  1882  to  supplement  an  older  small  ditch  wtiich  was  constructed 
in  1874  for  the  irrigation  of  lands  near  Goshen,  theretofore  considered 
almost  worthless  on  account  of  the  abundance  of  alkaline  salts  in  the 
soil.  The  upper  ditch  has  its  head  on  the  south  side  of  St.  Johns 
River  about  4  miles  northwest  of  Visalia.  It  has  a  westerly  course 
and  is  about  4  miles  long.    Its  dimensions  are  irregular.    The  pro- 
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moters  of  this  enterprise  constrncted  a  small  ditch  and  gave  it  an 
inexpensive,  x>oorl7  protected  head  gate.  The  gate  was  carried  off  by 
the  first  freshet  and  the  ditch  was  rapidly  enlarged  by  erosion,  so  that 
it  became  a  canal  of  considerable  capacity.  The  second  regulator  pat 
into  its  head  was  also  a  very  light  structnre,  18  feet  wide.  Like  many 
of  the  stmctares  on  Kaweah  Eiver,  it  was  arranged  as  a  box  culvert, 
the  entrance  to  which  was  divided  into  nine  openings  by  vertical  posts. 
The  spaces  between  posts  could  be  closed  with  loose  flashboards.  This 
ditch  and  the  Lower  Hayes  Ditch  both  belong  to  the  same  owner,  who 
has  supplied  some  water  to  his  neighbors  at  agreed  rates  per  acre. 

Hayes  Lower  Ditch, — ^The  head  of  this  ditch  is  about  1^  miles  below 
the  head  of  the  Hayes  Upper  Bitch.  Its  course  is  a  little  south  of 
west  to  the  same  region  watered  by  the  Hayes  Upper  Ditch.  The 
ditch  is  about  4  miles  long  and  6  feet  wide.  Its  head  gate  has  a  width 
of  10  feet.  This  ditch  was  constructed  in  1874  by  settlers  near  Goshen, 
but  soon  fell  into  the  hands  of  the  promoters  of  the  Goshen  Canal 
enterprise.    * 

Poguea  Upper  Ditch. — This  is  the  uppermost  south-side  diversion 
from  Kaweah  Eiver.  The  head  of  the  ditch  is  about  4  miles  above  the 
heskl  of  St.  Johns  Biver,  a  mile  above  the  hill  known  as  Limekiln 
Point.  The  ditch,  which  has  a  bed  width  of  about  6  feet,  skirts  the 
northern  and  western  base  of  Limekiln  Point  and  commands  several 
thousand  acres  of  fine  land  lying  between  projecting  spurs  of  the  foot- 
hills. The  ditch  was  constructed  in  1884.  Water  is  carried  in  a  flume 
for  some  distance  from  the  head  of  the  ditch.  This  ditch  now  serves 
the  citrus  orchards  at  Lemon  Gove,  which  have  been  set  out  within 
the  last  four  or  five  years  and  now  have  an  aggregate  area  of  about 
600  acres. 

Foguea  Lower  Ditch. — This  ditch  was  constructed  in  1875.  It  diverts 
water  from  the  south  side  of  Kaweah  River  just  below  Limekiln 
Point.  It  has  a  southwesterly  course,  a  bed  width  of  6  to  8  feet,  and 
passes  to  the  north  and  west  of  Wutchnmna  Hill,  following  the  eastern' 
border  of  the  main  valley  and  terminating  at  present  at  a  point  about 
3  miles  southeast  of  Exeter.  Its  total  length  is  about  15  miles,  and 
the  capacity  claimed  for  it  is  30  second-feet.  There  was  but  little  irri- 
gation from  this  ditch  at  the  time  the  second  Pogue  Ditch  was  con- 
structed, but  demand  for  water  is  rapidly  increasing.  The  water  is 
used  on  the  lands  set  out  to  citrus  fruits  at  and  near  Bonnie  Brae. 
The  area  of  citrus  fruits  now  set  out,  all  beiug  dependent  on  this  ditch 
for  water,  is  550  acres.  Purchasers  of  land  from  the  owners  of  this 
ditch  are  granted  the  right  to  call  for  water  at  the  rate  of  1  miner's 
inch  (abont  one-fiftieth  of  a  second- foot)  to  5  acres.  The  charge  of  the 
water  is  8  cents  per  inch  per  twenty-four  hours.  The  lands  (including 
the  water  rights)  are  sold  at  $75  per  acre. 

Ogden  Ditch. — This  ditch  has  its  head  on  the  south  side  of  Kaweah 
Biver,  about  three-quarters  of  a  mile  below  the  head  of  Pogues  Lower 
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Ditcb.  It  has  a  southwesterly  course,  closely  following  the  river,  and 
terminates  near  Cottage.  It  is  a  very  small  ditch,  about  4^  miles  long, 
and  supplies  water  to  a  few  acres  of  alfalfa.  It  is  said  to  be  one  of  the 
old  ditches,  the  date  of  its  construction  being  given  as  1862.  The  head 
of  the  ditch  was  not,  however,  always  maintained  at  the  same  place, 
this  having  been  impossible  on  account  of  the  changes  in  the  alignment 
and  character  of  the  river. 

Hamilton  Ditch, — This  is  another  small  private  ditch  on  the  south 
side  of  Kaweah  Biver.  Its  head  is  about  a  mile  above  Cottage.  It 
has  a  southwesterly  course,  is  about  4  miles  long,  and  about  4  feet 
wide.  It  has  been  in  use  since  1854.  A  south-side  branch  of  the 
Hamilton  Ditch  is  sometimes  known  as  the  Dillon  Ditch. 

Consolidated  Peoples  Dit-ch, — The  difficulties  experienced  by  irrigators 


Fio.  4.~Head  of  Consolidated  Peoples  Ditoh. 

dependent  for  water  upon  tbe  flow  of  Deep  Creek,  Packwood  Creek, 
and  Visalia  Creek,  after  the  freshets  of  1861-62,  led  to  a  combination 
of  interests,  the  direct  result  of  which  was  the  construction  of  the 
Peoples  Ditch.  The  outlook  for  a  sufficient  supply  of  water  was  particu- 
larly bad  after  the  winter  of  1863-64,  in  which  there  was  an  unusual 
deficiency  of  precipitation,  and,  as  a  result  of  a  conference  with  the 
owners  of  a  number  of  small  irrigation  ditches,  about  one  hundred 
interested  persons  assembled  lat&in  February,  1864,  at  the  point  where 
Landers  Slough  leaves  the  river  and  commenced  work  on  the  Peoples 
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Ditch,  the  water  of  which  was  to  be  apportioned  to  a  number  of  ditches 
which  before  made  independent  diversions.  The  principal  ditches  that 
then  became  dependent  upon  the  .Peoples  Ditch  for  water  were  the 
Landers,  Lee  &  Thompson,  Swanson,  Turner,  Grnbbs,  and  Eice  ditches. 
The  expense  of  the  canal  construction  was  apportioned  to  the  partici- 
pating fanners  according  to  relative  interests.  Most  of  them  con- 
tributed labor,  teams,  and  supplies.  The  ditch  at  its  head  was  made 
18  feet  wide  and  4  feet  deep  and  was  to  have  a  fall  of  about  3^  feet  to 
the  mile.  Work  progressed  rapidly  and  the  ditch  was  considered 
finished  by  June  1, 1864.  Its  estimated  cost  at  that  time  was  $11,000. 
But  owing  to  the  obstructed  condition  of  the  old  channel  of  Kaweah 
Eiver  below  the  head  of  St.  Johns  Channel,  expectations  as  to  flow 
of  water  were  not  fully  realized,  and  upon  petition  the  water  commis- 
sioners of  Tulare  County  granted  the  ditch  company  a  franchise  to 
remove  obstructions  from  the  old  Kaweah  Eiver  channel  and  to  enlarge 
it  where  necessary  to  a  width  of  20  feet.  Under  the  franchise  work 
was  done  on  the  old  river  channel  to  a  point  near  the  present  head  of 
St.  Johns  Eiver,  about  4^  miles  above  the  present  head  of  the  ditch. 
The  river  channel  was  thus  kept  open  until  again  filled,  in  places,  with 
drift  and  silt  by  the  freshets  of  1867-^8.  These  freshets  washed  out 
the  canal  head  gate  in  Landers  Slough  and  considerably  deepened  and 
enlarged  the  upper  section  of  the  canal.  During  the  period  interven- 
ing between  that  winter  and  1877,  when  the  making  of  the  Fowler 
Cut  resulted  in  the  practical  reestablishment  of  the  old  channel  of 
Kaweah  Eiver,  water  reached  the  head  of  the  Peoples  Ditch  through 
a  number  of  high- water  channels  leading  in  a  southwesterly  direction 
from  the  upper  section  of  St.  Johns  Eiver  through  Visalia  Swamp. 
When  water  became  scarce  at  the  head  of  the  canal,  men  would  be 
sent  up  to  St.  Johns  Eiver  to  increase  the  flow  toward  the  south  by 
throwing  obstructions  into  that  river  channel  or  by  opening  a  better 
passage  through  the  swamp.  There  has  been  a  satisfactory  supply  of 
water  to  the  head  of  the  Peoples  Ditch  ever  since  the  Fowler  Cut  was 
made. 

This  cut  was  made  by  Mr.  Samuel  Fowler  under  contract  with  the 
Kaweah  Canal  and  Irrigation  Company,  which  had  entered  into  an 
agreement  with  the  management  of  the  Peoples  Ditch  concerning  the 
apportionment  of  water.  The  agreement,  which  was  formally  executed 
on  December  21, 1878,  but  subsequently  set  aside  by  a  decision  of  the 
courts,  provided  for  a  joint  ownership  of  the  upper  portion  of  the  Peo- 
ples Ditch  and  of  the  water  way  above  the  head  of  that  ditch  as 
improved  by  the  Kaweah  Canal  and  Irrigation  Company,  and  conceded 
to  the  Peoples  Ditch  the  right  at  all  times  to  as  much  water  as  will  flow 
in  a  ditch  50  feet  wide  and  2  feet  deep  on  a  grade  of  6  inches  to  the 
mile.  The  water  of  Kaweah  Eiver  which  passes  the  head  of  St.  Johns 
Channel  separates  ihto  two  channels,  each  about  a  mile  long,  forming 
an  island  about  11  miles  above  Visalia.    The  upper  portion  of  the 
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northernmost  of  these  channels  is  known  as  the  Hamilton  or  YisaUa 
Gut.  The  southernmost  is  Lander  Slough,  or  the  enlarged  channel 
of  the  Lander  Ditch.  It  is  the  upper  portion  of  Lander  Slough  which 
uDtil  1896  carried  water  to  the  point  where  the  flow  was  brought  under 
final  control  for  the  Peoples  Ditch.  But  when  the  canal  regulator 
failed  Landers  Slough  was  closed  near  its  head  and  an  artificiiJ  caniftl 
was  substituted  for  the  Landers  Slough  section  of  the  Peoples  Ditch. 
A  box  inlet  20  feet  wide  and  10  feet  deep  is  maintained  in  the  head  of 
this  new  canal  section,  which  structure  seems  to  be  intended  more  as  a 
partitioner  of  the  flow  of  Kaweah  Eiver  than  as  a  regulating  gate  in 
the  ordinary  sense. 

The  Consolidated  Peoples  Ditch  has  a  southwesterly  course  firom 
Landers  Slough  for  3  miles  to  the  point  where  its  water  was  separated 
from  that  of  the  Kaweah  Canal,  so  long  as  that  canal  was  in  service. 
The  main  canal  extends  from  that  point  about  1^  miles  fEirther,  to  a 
point  known  as  Dillons  Mill,  where  some  of  its  water  is  in  use  to  supply 
power.  The  section  of  the  canal  next  below  Landers  Slough  follows 
the  original  alignment  of  the  Swanson  Ditch  for  about  three-fourths  of 
a  mile,  following  and  finally  crossing  the  almost  obliterated  channel 
of  Yokohl  Creek.  The  occasional  flow  of  this  creek  is  admitted  into 
the  canal,  and  surplus  waters  are  discharged  through  a  waste  gate 
into  Outside  Creek,  which  was  originally  a  continuation  of  the  Yokohl 
Creek  channel.  The  main  canal  is  of  somewhat  irregular  dimensions, 
much  of  it  having  the  appearance  of  a  natural  channel.  Its  width 
is  generally  30  to  50  feet  and  its  capacity  probably  exceeds  400 
second-feet. 

The  consolidation  of  the  interests  of  the  several  small  ditches  and 
individual  irrigators,  as  already  explained,  led  finally  to  an  incorpora- 
tion of  their  organization.  This  was  eficicted  in  1874,  and  the  corpo- 
ration received  the  name  of  the  Consolidated  Peoples  Ditch  Company. 
Its  Q^pital  stock  was  fixed  at  $9,700,  in  97  shares  of  $100  each.  Canal 
exx)enses  are  assessed  upon  stockholders.  Ko  water  is  sold  by  the 
canal  company.  At  the  time  of  constructing  the  canal  it  was  agreed 
that  each  person  interested  in  the  main  canal  should  contribute  toward 
construction  down  to  the  point  at  which  his  water  was  to  be  delivered 
into  a  branch  ditch.  All  branch  ditches  are  under  independent  man- 
agement.  Water  is  distributed  to  the  various  branch  ditches,  under 
the  direction  of  the  president  of  the  company,  in  proportion  to  the 
number  of  shares  of  stock  for  which  water  is  to  be  delivered  to  each. 
The  apportionment  of  water  between  the  main  canal  and  a  branch  ditch 
is  accomplished  by  constructing  a  sill  or  floor  at  the  same  elevation  in 
each,  the  effective  width  of  canal  and  ditch  on  each  sill  being  made 
proi)ortlonal  to  the  amount  of  water  to  be  passed.  ThQ  cost  of  con- 
structing and  maintaining  these  structures  falls  upon  the  canal  com- 
pany. The  area  of  land  actually  irrigated  in  a  single  season  with  water 
from  the  Peoples  t>itch  has  exceeded  5,000  acres.    The  total  expeudi- 
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tare  on  the  main  canal  chargeable  to  the  constraction  account  has  been 
about  950,000. 

Stoanson  Ditch, — This  is  a  branch  of  the  Peoples  Ditch,  receiving  its 
water  about  three-quarters  of  a  mile  below  the  point  where  the  latter 
leaves  Landers  Slough.  It  ha«  a  southwesterly  course  and  is  about  4 
miles  long.  It  is  reported  to  have  been  in  use  as  an  independent  ditch 
as  early  as  1855.  While  the  supply  of  water  A:om  the  Peoples  Ditch 
was  somewhat  unreliable — preceding  1878 — irrigators  dependent  upon 
the  Swanson  Ditch  endeavored  to  keep  the  head  of  Packwood  Greek 
open,  but  with  indifferent  success.  Since  that  time  the  ditch  is  to  be 
regarded  merely  as  a  branch  of  the  Peoples  Ditch. 

Lee  &  Thompson  Bitch. — ^This  was  a  second  old  ditch,  almost  parallel 
with  the  Swanson  for  some  distance.  Its  alignment  was  adopted  for 
the  Peoples  Ditch  for  a  considerable  distance,  and  only  the  lower  end 
of  the  original  ditch  remains  in  use  as  a  small  distributary  of  the 
Peoples  Ditch  water. 

Bice  Ditch, — This  is  another  small  ditch,  now  a  branch  of  the  Peo- 
ples Ditch,  which  was  in  use  before  the  latter  was  constructed.  Its 
course  is  southerly  from  a  point  near  the  lower  end  of  the  main  ditch. 
It  is  about  6  miles  long,  terminating  in  a  branch  of  Outside  Creek  used 
as  a  distributary  of  the  Peoples  Ditch  water  under  the  name  of  the 
Bliss  &  Hyde  Ditch,  and  it  commands  a  narrow  strip  of  land  lying  to 
the  east  of  Outside  Creek. 

Catron  and  Teagxie  ditches, — These  are  two  small  branches  of  the 
Peoples  Ditch,  both  of  which  receive  water  from  the  south  side  of 
the  latter  throagh  a  common  head  about  2  miles  below  Landers  Slough. 
Their  course  is  southerly.  The  former  is  about  3  miles  long,  the  latter 
about  4,  and  both  are  connected  at  their  lower  ends  with  the  Eice 
Ditch,  into  which  surplus  water  is  dropped. 

Bliss  4&  Hyde  Ditch, — This  is  a  branch  of  the  Peoples  Ditch,  receiv- 
ing its  water  a  quarter  of  a  mile  below  the  head  of  the  Catron  and  the 
Teague  ditches.  At  that  point  a  short  cut  from  the  south  side  of  the 
Peoples  Ditch  drops  water  for  this  branch  into  a  natural  channel — 
the  eastern  branch  of  Outside  Creek — which  is  the  same  channel  used 
above  that  point  as  a  common  head  for  the  Catron  and  the  Teague 
ditches.  This  channel  has  a  course  a  little  west  of  south  for  about  12 
miles,  to  the  point  where  the  water  of  the  branch  ditch  is  used,  about 
6  miles  east  of  Tulare,  on  both  sides  of  Outside  Creek,  there  known  in 
part  as  Elk  Bayou.  Water  is  diverted  from  Outside  Creek  into  two 
irrigation  ditches,  one  upon  either  side,  each  of  which  has  a  length  of 
about  2  miles. 

DaviSj  Brown,  and  Pennehdker  ditches, — These  are  three  short 
branches  of  the  Peoples  Ditch,  all  receiving  water  from  it  at  or  near 
the  termination  of  the  main  canal,  and  supplying  water  to  lands  near 
Farmersville. 

Extension  Ditch, — After  the  use  of  a  portion  of  the  water  of  the 
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Peoples  Ditch  for  power  at  Dillons  Mill,  which  is  at  the  termination 
of  the  main  canal,  It  flows  into  Outside  Greek.  The  creek  channel  is 
closed  with  an  overfall  dam  of  brush,  which  serves  as  a  waste  way  for 
all  water  not  required  for  the  Extension  Ditch.  This  ditch  is  one  of 
the  principal  branches  of  the  Peoples  Ditch.  It  has  a  southwesterly 
course,  and,  with  its  branches,  commands  the  region  to  the  west  and 
northward  of  Farmersville.  It  was  built  by  the  farmers  whose  lands  it 
waters.  They  have  formed  a  corporation  known  as  the  Extension 
Ditch  Company,  whose  shares  of  stock  are  in  the  hands  of  thirty  or 
more  irrigatorn.  The  aifairs  of  this  company  are  managed  entirely 
independent  of  the  Peoples  Ditch  Company,  which  merely  delivers  to 
it  the  water  which  its  stockholders  are  entitled  to  receive  from  the 
Peoples  Ditch. 
Kawedh  Canal. — The  enumeration  of  this  canal  is  merely  historical. 


Fig.  5.— Ditch  system  at  head  of  Kaweah  Canal. 

It  is  one  of  the  canals  whose  successful  operation  was  greatly  interfered 
with  by  litigation.  The  canal  was  constructed  in  1877,  At  that  time 
the  Fowler  Cut  was  made  for  the  Kaweah  Canal  and  Irrigation  Com- 
pany, and  led  to  the  reestablishment  of  the  original  channel  of  Kaweah 
Eiver,  or  of  a  new  channel  very  nearly  coincident  with  the  original  one 
in  position.  The  agreement  then  made  with  the  Consolidated  Peoples 
Ditch  Company  gave  the  new  company  a  right  to  use  the  upper  sec- 
tions of  the  Peoples  Ditch  for  several  miles,  and  below  that  point  a 
canal  was  excavated,  about  50  feet  wide  on  the  bottom  and  3  feet  deep, 
which  temporarily  dropped  its  water  into  Deep  Creek,  in  which  it 
flowed  to  within  a  few  miles  of  Tulare.  The  main  canal  was  soon  after- 
wards extended  across  Deep  Creek  in  a  general  southwesterly  diiec- 
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tioB,  passing  about  a  mile  to  the  west  of  Farmersville,  nntil,  at  a  point 
about  6  miles  to  the  northeast  of  Tulare,  it  was  separated  into  two 
main  branches,  of  wliich  the  southerly  one  commanded  the  lands  in 
the  vicinity  of  Tulare,  including  the  colony  lands  toward  the  west. 
The  northerly  branch  was  extended  westerly  across  Oameron  Creek  to 
a  connection  with  the  Tulare  Canal,  and  has  irrigated  a  few  tracts  of 
land  near  Tagus.  The  total  length  of  the  main  canal,  not  including 
the  Fowler  Cut  or  the  Peoples  Ditch,  to  where  it  separates  into  its  two 
principal  branches  is  about  10  miles.  Irrigation  from  this  canal  has 
probably  exceeded  4,000  acres.  The  canal  was  constructed  by  a  cor- 
poration known  as  the  Kaweah  Canal  and  Irrigation  Company,  which 
was  organized  in  1877  by  farmers  who  were  in  need  of  water  for  their 
lands  in  the  vicinity  of  Tulare.  The  capital  stock  was  fixed  at  $50,000^ 
in  500  shares.  The  expense  of  canal  construction  and  litigation  soon 
exceeded  this  sum  by  at  least  $10,000.  The  canal  always  held  its 
water  for  sale,  but  stockholders  were  entitled  to  receive  it  at  slightly 
reduced  rates.  All  expenses  in  excess  of  revenue  derived  from  the 
sale  of  water  were  apportioned  to  stockholders.  Water  was  not  sold 
by  measurement;  it  was  delivered  to  the  irrigators  from  the  several 
canal  branches  in  rotation,  and  was  paid  for  at  fixed  rates  per  acre 
actually  irrigated,  generally  $1  to  $2  per  acre.  The  right  of  the  canal 
to  receive  any  surplus  waters  from  the  Peoples  Ditch  was  disputed  in 
court  by  farmers  who^  as  riparian  owners  on  Outside  Creek,  demanded 
that  all  flow  in  the  Peoples  Ditch  in  excess  of  that  required  for  that 
ditch  should  be  wasted  into  channels  leading  into  Out-side  Creek. 
Their  claim  having  been  sustained,  the  Kaweah  Canal  for  many  years 
received  water  only  by  sufferance  and  only  during  periods  when  the 
river  afforded  an  abundant  supply.  Its  water  was  no  longer  taken 
through  the  head  of  the  Peoples  Ditch,  but  a  cut  was  made  from 
Kaweah  Eiver  below  Deep  Creek  to  the  canal,  and  the  upper  half  mile 
of  Deep  Creek  itself  was  utilized  as  a  source  of  supply.  After  the 
organization  of  the  Tulare  irrigation  district  the  canal  was  sold  to  the 
district  for  $150,000,  payment  being  made  in  bonds,  but  with  the  pro- 
viso that  the  stockholders  of  the  Keweah  Canal  and  Irrigation  Com- 
pany should  be  preferred  takers  of  one-third  of  all  the  water  entering 
the  upper  section  of  the  canal,  at  the  agreed  price  of  $1.25  per  acre  per 
annum. 

Farmers  Canal. — This  canal  has  its  head  on  the  east  side  of  Deep 
Creek,  about  2  miles  below  Farmersville.  It  has  a  southwesterly 
course,  commanding  several  thousand  acres  of  land  between  Elk  Bayou 
and  Deep  Creek  channels  within  6  miles  of  the  head  of  the  canal.  The 
bed  width  of  the  canal  for  several  miles  below  its  head  is  14  feet. 
The  head  gate  or  regulator  has  a  width  of  18  feet.  The  water  is  turned 
from  the  creek  into  the  head  of  the  canal  by  means  of  a  brush  dam. 
The  canal  was  constructed  in  1875  by  an  incorporated  company,  whose 
members  are  the  farmers  using  canal  water.    The  capital  stock  was 
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fixed  at  920,000,  in  shares  of  $100  each.  The  head  of  Deep  Creek, 
from  which  diversion  is  made  for  this  canal,  is  aboat  8  miles,  in  a 
direct  line,  above  Yisalia,  on  the  south  side  of  Kaweah  Kiver.  No 
water  flows  into  Deep  Greek  from  the  river  daring  its  low  stages. 
Water  is  generally  available  from  the  beginning  of  March  to  the  end 
of  Jane.  Daring  this  time  a  saperintendent  is  employed  to  apportion 
the  water  to  holders  of  stock.  When  the  supply  of  water  is  limited  it 
is  used  in  turn  by  the  irrigators.  Each  stockholder  is  permitted  to  sell 
or  lease  the  water  to  which  he  is  entitled.  The  water  represented  by  a 
few  shares  of  stock  held  in  the  name  of  the  corporation  itself  is  also  sub- 
ject to  sale.  The  estimate  cost  of  canal  construction  and  exx>en8es 
connected  therewith  is  about  $7,000  to  $8,000.    The  annual  assessment 

per  share  of  stock  for  canal  manage- 
ment and  maintenance  has  been  about 
$1.  The  structures  necessary  ibr  a  de- 
livery of  water  into  branch  ditches  are 
constructed  and  maintained  at  the 
expense  of  those  who  receive  water 
through  each. 

Tulare  CanaL — This  canal  was  con- 
structed for  the  irrigation  of  lands  in 
the  vicinity  of  Tagus  and  to  the  north- 
west of  Tulare.*  Its  head  is  on  the 
south  side  of  Kaweah  Eiver,  about  mid- 
way between  the  head  of  Deep  Creek 
and  the  head  of  Packwood  Greek.  It 
has  a  southwesterly  course,  is  about  15 
miles  long,  and  has  a  bed  width  of  16  feet.  The  canal  passe-s  about 
2^  miles  to  the  south  of  Yisalia  and  a  mile  to  the  south  of  Tagus,  and 
terminates  at  the  main  canal  of  the  Rocky  Ford  Ganal  Company.  The 
canal  was  constructed  in  1873.  The  farmers  interested  in  the  enter- 
prise formed  a  corporation  in  the  following  year,  known  as  the  Tulare 
Irrigating  Company,  whose  capital  stock  was  fixed  at  $40,000,  in 
shares  of  $100  each.  The  diversion  of  water  from  the  river  is  accom- 
plished by  means  of  a  dam  or  weir  of  brush,  and  the  inflow  into  the 
canal  is  controlled  by  a  regulator  or  head  gate  16  feet  wide.  It  has 
been  claimed  that  the  Ketchum  Cut,  one  of  the  several  ditches  from 
St.  Johns  River  southwesterly  to  Kaweah  River  above  the  head  of 
the  Tulare  Canal,  has  been  utilized  by  the  Tulare  Irrigating  Com- 
pany to  accomplish  the  diversion  of  its  water  direct  from  St.  Johns 
River,  bat  it  has  not  been  possible  to  verify  this  claim,  or  to  ascer- 
tain whether  the  canal  company  has  any  proprietary  interest  in  the 
Ketchum  Cut. 

Before  1885  it  was  customary  to  apportion  the  flow  of  the  canal  to 
the  stockholders  in  the  corporation  in  proportion  to  their  respective 
interests,  but  the  holders  of  stock  who  were  not  ready  to  make  profitable 
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use  of  their  water  demanded  a  change,  and  it  was  at  that  time  decided 
to  permit  each  stockholder  to  irrigate  free  of  cost  as  many  acres  as  he 
held  shares  of  stock,  and  to  charge  $1  per  acre  for  all  additional  areas. 

Rocky  Ford  Ditch, — ^This  ditch,  now  a  part  of  the  Tulare  irrigation 
district  canal  system,  takes  its  name  from  Eocky  Ford  on  St.  Johns 
Eiver,  because  half  a  mile  above  is  the  head  of  the  Ketchum  Cut, 
which  was  bought  by  the  Kocky  Ford  Canal  and  Irrigation  Company, 
and  was  supposed  to  deliver  water  for  the  canal  from  St.  Johns  Kiver 
into  the  Kaweah,  from  which  it  was  reclaimed  for  the  Rocky  Ford  Ditch 
at  the  head  of  Packwood  Creek.  The  head  of  Packwood  Creek,  which 
had  been  almost  obliterated  by  the  freshets  of  1861-C2  and  1867-68, 
was  reopened  by  this  canal  company  in  1876.  A  cut  9  feet  wide  and 
three-quarters  of  a  mile  long,  following  the  channel  of  Packwood 
Creek,  received  the  canal  water  from  Kaweah  River.  The  water  thus 
diverted  was  carried  southwesterly  in  Packwood  Creek,  and  in  its  south 
fork  about  2^  miles,  thence  south  in  a  ditch  three-quarters  of  a  mile  to 
another  natural  channel,  from  which,  a  half  mile  below,  it  was  dropped 
into  Cameron  Creek,  which  it  followed,  still  in  a  general  southwesterly 
direction,  to  a  point  about  a  mile  south  of  Tagus.  At  that  point  the 
water  was  taken  into  a  system  of  distributing  ditches  covering  4,000 
to  5,000  acres  of  land  to  the  southwest  of  Tagus,  between  Cameron  and 
Packwood  creeks.  About  $20,000  was  expended  on  this  work,  besides 
$3,000  in  litigation,  but  after  a  few  years  the  company  was  deprived  of 
the  use  of  the  Packwood  Creek  channel  by  an  order  of  court,  and  those 
dependent  upon  this  canal  found  themselves  without  water. 

Cameron  Creek  Company, — This  was  an  unincorporated  organization 
of  farmers  which  may  be  considered  an  offspring  of  the  Rocky  Ford 
Ditch  Company.  The  purpose  of  the  organization  was  to  secure  water 
for  the  Rocky  Ford  Canal,  the  head  works  of  which  were  thrown  out  of 
service  by  orders  of  the  court.  There  was  ordinarily  a  surplus  flow 
of  water  in  the  spring  months,  which  reached  Cameron  Creek  by  way 
of  the  Deep  Creek  channels  and  the  Kaweah  and  Tulare  canals.  The 
water  thus  reaching  the  Rocky  Ford  Canal  from  Cameron  Creek  was 
distributed  to  irrigators  under  the  management  and  control  of  the 
Cameron  Creek  Company.  The  owners  or  lessees  of  stock  in  the  Rocky 
Ford  Canal  Company  were  the  preferred  purchasers  of  water,  but  if 
there  was  sufficient  available  it  was  also  sold  to  farmers  who  held  no 
stock.  The  apportionment  of  water  was  by  rotation  in  the  use  of  the 
flow  of  distributaries.  The  time  of  use  per  share  of  stock  was  reduced 
as  the  supply  decreased.  The  charge  for  water  was  at  the  rate  of  $1 
per  year  per  acre  irrigated.  The  necessity  for  operations  by  this  com- 
pany ceased  upon  the  completion  of  the  canal  system  of  the  Tulare 
irrigation  district. 

Bacon  &  Crossmore  Canal  {Packwood  Creek  Canal), — When,  in  1875, 
it  became  necessary  to  improve  the  flow  of  Packwood  Creek  for  the 
supply  of  water  to  a  large  tract  of  land  0  to  9  miles  west  from  Tulare, 
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a  ditch  was  constructed  from  St.  Johns  Eiver,  then  the  principal  chan- 
nel of  Kaweah  River,  commencing  about  a  hundred  yards  above  Kocky 
Ford,  thence  southwesterly  about  4  miles,  passing  to  the  north  and 
westward  of  a  group  of  low  hills  known  as  the  Swamp  Angels,  to  a 
connection  with  the  old  channel  of  Kaweah  River.    Water  thus  turned 

into  this  channel  was 
allowed  to  flow  to  a 
I>oint  in  Yisalia  Creek 
about  1^  miles  below 
the  liead  of  Pack 
wood  Greek  and  was 
there  diverted  into  a 
canal  about  1,000  feet 
long  leading  south- 
erly into  Packwood 
Creek.  These  two 
ditches,  or  canals, 
together  with  the  nat- 
ural channel  of  Pack- 
wood  Creek,  are 
known  as  the  Bacon  &  Crossmore  Canal.  The  upper  portion  of  this 
canal  has  a  width  of  about  16  feet.  The  width  of  its  head  gate  or 
regulator  at  St.  Johns  River  is  40  feet.  The  cut  for  Yisalia  Creek 
into  Packwood  is  about  30  feet  wide.  Its  flow  is  controlled  by  a  gate 
30  feet  in  width.  The  point  of  discharge  of  the  canal  from  St.  Johns 
River  into  the  Kaweah  is  just  below  Goads  Dam  at  the  head  of  the 
Tulare  Canal.  To  enable 
diversion  of  water  from 
YisaliaCreek  into  thechan- 
nel  of  Packwood  Creek  by 
way  of  the  Bacon  &  Cross- 
more  Cut,  a  brush  dam  is 
maintained  in  the  creek 
about  60  feet  below  the 
head  of  the  cut.  The  flow 
of  Packwook  Creek  as  thus 
established  is  flrst  checked 
at  a  point  about  4  miles 
west  of  Tagus,  where  dis- 
tributaries are  in  use  upon 
either    side  of  the  creek 

channel.  Several  other  diversions  are  made  some  miles  farther  down 
the  creek,  and  it  is  claimed  that  several  thousand  acres  of  land  are 
irrigated  by  this  ditch  system. 

Judd  Ditch, — ^This  ditch  was  in  use  but  a  short  time  subsequent  to 
the  freshets  of  1867-68.    An  organization  of  interested  farmers  known 
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as  the  Judd  Ditch  Company  at  that  tiuie  endeavore^l  to  keep  the  head 
of  Packwood  Creek  open,  but  owing  to  controversies  with  people  living 
near  Yisalia  on  Yisalia  Creek  the  attempt  was  soon  abandoned. 

Cutler  &  Higgins  Ditch  (Ckatten  Ditch), — ^This  is  a  small  ditch  between 
St.  Johns  Eiver  and  Yisalia  Creek.  Its  head  is  on  the  north  side  of 
Kaweah  Biver  just  above  the  point  where  it  divides  into  the  two  chan- 
nels, Yisalia  Creek  and  Packwood  Creek.  It  has  a  westerly  course,  is 
about  2  miles  long,  3  to  G  feet  wide  on  the  bottom,  and  belongs  to  several 
farmers,  who  take  turns  in  using  its  water  for  the  irrigation  of  a  few 
hundred  acres  of  alfalfa.    The  ditch  has  been  in  use  since  1857. 

Kaweah  and  Mill  Creek  Water  Company. — ^This  corporation  was  organ- 
ized in  1877  with  a  capital  stock  of  $10,000,  in  200  shares,  for  the  purpose 
of  harmonizing  and  protecting  conflicting  interests  by  maintaining  and 
controlling  the  flow  of  water  in  Mill  Creek  (Yisalia  Creek)  and  distribut- 
ing it  to  the  canals  and  ditches  entitled  to  receive  it.  Its  shares  of  stock 
were  distributed  to  the  owners  of  the  various  canals  and  ditches  accord- 
ing to  their  relative  interests,  and  the  superintendent  of  this  company  is 
required  to  apportion  the  amount  of  water  available  to  each  ditch  and 
canal  in  proportion  to  the  number  of  shares  of  stock  for  which  water  is 
to  be  turned  into  each.  A  decision  of  the  courts  favoring  the  riparian 
doctrine  has,  however,  made  it  difficult  for  ditch  owners  along  Mill 
Creek  below  Yisalia  to  reclaim  their  water,  as  the  decision  interferes 
with  the  construction  of  dams  in  the  creek  channel  so  long  as  they  are 
objected  to  by  riparian  proprietors.  To  increase  the  flow  of  water  in 
Yisalia  Creek  it  was  found  necessary  to  open  the  head  of  Lane  Slough. 
This  had  been  done  before,  but  later  freshets  had  again  obstructed  its 
channel  near  St.  Johns  Eiver.  The  Bostwick  Cut  was  the  result  of  the 
wopk  done  by  the  company  at  that  point.  This  is  a  canal  leading  south- 
erly from  St.  Johns  Eiver,  about  a  mile  above  Eocky  Ford,  into  the  main 
channel  of  Lane  Slough.  Lane  Slough  was  one  of  the  several  natural 
channels  having  a  southwesterly  course  through  Yisalia  Swamp  from 
near  its  northern  margin  to  the  old  channel  of  Kaweah  Eiver  above  the 
head  of  Yisalia  Creek.  It  is  claimed  that  this  slough  was  so  obstructed 
with  drift  and  silt  by  the  freshets  of  1861-62  that  for  reclamation  pur- 
poses it  was  necessary  once  before  to  open  it,  under  direction  of  State 
authorities,  with  moneys  from  the  swamp-land  fund.  The  water  company 
in  1878  also  caused  a  section  of  the  old  channel  of  Kaweah  Eiver  just 
below  the  head  of  Landers  Slough  to  be  reopened.  The  work  there 
done  resulted  in  the  formation  of  the  Hamilton  Cut.  All  expenses  of 
management  incurred  by  the  Kaweah  and  Mill  Creek  Water  Company 
are  raised  by  assessments  levied  upon  the  stock.  The  principal  ditches 
dependent  upon  this  organization  for  their  water  supply  are  the  Oaks, 
Watson,  Burch,  Mill,  Bahwell,  and  Fulgham  ditches. 

OaJcs  Ditch, — The  head  of  the  Oaks  Ditch  is  on  the  south  side  of 
Yisalia  Creek,  just  above  the  dam  maintained  below  the  head  of  the 
Bacon  &  Crossmore  Cut.    It  was  in  use  prior  to  the  organization  of 
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the  Kaweah  and  Mill  Greek  Water  Company,  from  which  it  now 
receives  its  water.  It  is  a  small  ditch,  flowing  several  miles  westerly 
between  Visalia  and  Packwood  creeks,  and  supplies  water  to  seven  or 
eight  small  farms.  The  entire  flow  of  the  ditch  is  nsnally  divided  into 
two  irrigating  heads. 

Evaiui  Ditch, — This  ditch,  which  has  also  become  dependent  on  the 
Kaweah  and  Mill  Greek  Water  Gompany  for  its  sapply  of  water,  has 
its  head  oti  the  south  side  of  Visalia  Greek  about  2  miles  above  Visalia. 
Its  upper  section  serves  as  a  common  head  for  three  otherwise  indepen- 
dent ditches,  the  other  two  being  the  Burch  and  the  Watson  ditches. 
The  Evans  Ditch  is  entitled  to  one-half  of  the  water  entering  its  head, 
the  Watson  to  one-third,  and  the  Burch  to  one-sixth.  The  ditch  has  a 
southwesterly  course,  is  about  5  miles  Jong,  and  supplies  water  to  about 
500  acres  just  to  the  south  of  Visalia.  Ownership  in  the  ditch  is  rep- 
resented by  shares  of  stock,  and  the  distribution  of  water  is  made  in 
proportic^  to  the  number  of  shares  of  stock  owned  or  controlled*  by 
each  irrigator.  Water  is  generally  available  for  ten  months  each  year, 
and  is  used  in  turn  by  the  irrigators. 

Evans  &  Turner  Ditch. — ^This  is  a  diversion  from  the  west  side  of 
Packwood  Greek  about  2  miles  below  the  Bacon  &  Grossmore  Cut  It 
has  a  westerly  course,  is  about  a  mile  long,  and  drops  its  water  into 
the  Evans  Ditch.  It  is  claimed  that  this  ditch  was  in  use  as  earl}'  as 
1858,  but  if  so  it  was  out  of  service  for  many  years  preceding  its 
reestablishment,  about  1884. 

Burch  Ditch. — This  is  another  small  ditch  to  which  water  is  sup- 
plied under  control  of  the  Kaweah  and  Mill  Greek  Water  Gompany. 
Although  the  ditch  was  in  use  before  the  organization  of  that  com- 
pany, and  then  received  water  direct  from  Visalia  Greek,  it  has  of  late 
years  been  supplied  with  water  through  the  head  of  the  Evans  Ditch. 
Its  water,  together  with  that  for  Watson  Ditch,  is  turned  out.  of  the 
west  side  of  Evans  Ditch  one-half  mile  below  its  head.  It  flows  west- 
erly three-quarters  of  a  mile  in  a  channel  used  in  common  with  the 
Watson  Ditch,  and  thence  a  little  south  of  west  to  the  southwestern 
I)ortion  of  Visalia.  It  supplies  a  number  of  small  farms  southeast  of 
Visalia.  The  head  of  the  ditch  was  originally  on  the  north  side  of  the 
creek  and  its  water  was  brought  to  the  south  side  in  a  flume. 

Watson  Ditch. — ^This  is  another  of  the  old  irrigation  ditches  in  whose 
interest  the  Kaweah  and  Mill  Greek  Water  Gompany  was  organized. 
This  ditch  was  constructed  in  1854,  before  water  was  used  by  the  mill 
in  Visalia.  Its  head  was  on  the  south  side  of  the  creek  about  3  miles 
east  of  Visalia,  and  its  water  was  used  near  Visalia.  It  now  receives 
water  through  a  common  head  with  the  Evans  and  the  Burch  ditches, 
and  is  Anally  separated  from  the  Burch  Ditch  water  about  a  mile  east 
of  Visalia.  Ownership  in  this  ditch  is  represented  by  shares  of  stock, 
of  which  100  may  be  issued.  Between  60  and  70  are  in  the  hands  of 
fifteen  to  twenty  farmers,  who  use  its  water  mostly  on  small  farms  to 
the  south  and  southwest  of  Visalia.    It  was  originally  intended  that 
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each  share  of  stock  should  represent  17.28  miner's  inches  of  water 
(about  one-third  second-foot),  and  the  original  price  per  share  was 
fixed  at  $5.  Stockholders  are  assessed  for  all  expenses  of  management 
and  repairs.  A  superintendent  is  employed  only  when  necessary,  not 
when  water  is  abundant,  nor  when  there  is  none  at  all.  Shares  of 
stock  not  issued  are  not  entitled  to  water.  Holders  of  stock  may  sell 
or  lease  the  water  to  which  they  are  entitled.  When  the  flow  of  the 
ditch  is  small  it  is  given  to  the  irrigators  in  turn  for  eight  hours  per 
share  of  stock.  The  annual  expense  of  ditch  management  is  about  $5 
per  share. 

Mill  Ditch. — ^This  is  not  an  irrigation  ditch,  but  it  has  rights  to  the 
use  of  water  from  Kaweah  Eiver,  which  make  its  enumeration  among 
the  Kaweah  River  ditches  desirable.  Its  head  is  about  one-half  mile 
above  Visalia,  on  the  south  side  of  Visalia  Creek.  It  has  a  westerly 
course  into  the  town,  and  drops  its  water  back  into  the  creek  at  the 
mill.  It  has  been  in  use  since  1854,  at  which  time  a  brush  dam  was 
constructed  at  its  head  in  Visalia  Greek.  This  is  another  of  the 
ditches  in  whose  interest  the  Kaweah  and  Mill  Creek  Water  Company 
was  organized.  The  mill  owners  are  stockholders  in  this  corporation 
and  receive  the  same  consideration  accorded  to  irrigators. 

Bdhwell  and  Fulgham  ditches. — These  are  two  small  ditches  below 
Visalia,  which  were  included  among  those  for  whose  benefit  the  Kaweah 
and  Mill  Creek  Water  Company  was  formed.  They  and  a  number  of 
other  small  ditches  make  use  of  the  freshet  flow  of  Visalia  Creek 
reaching  the  lower  sections  of  Mill  Creek,  as  well  as  of  the  water 
which  is  returned  to  the  creek  by  the  Mill  Ditch. 

Longs  Canal. — This  exists  in  name  only.  It  was  a  canal  or  reopened 
slough  constructed,  some  years  after  the  freshets  of  1861-62,  south- 
westerly through  the  upper  end  of  Visalia  Swamp,  from  St.  Johns 
Kiver  to  Potter  Slough,  which  discharged  into  Kaweah  River.  The 
first  work  done  there  was  nominally  for  reclamation  purposes — to 
facilitate  drainage  of  the  swamp.  The  canal  was  closed  by  the  drift 
and  silt  brought  down  by  the  freshets  of  1867-68,  and  was  again 
opened  at  the  expense  of  the  Kaweah  and  Mill  Creek  Water  Company. 

Bostwick  Cut. — This  is  a  short  ditch  or  canal,  southwesterly  from  St. 
Johns  River  about  three-quarters  of  a  mile  above  Rocky  Ford,  to  Lane 
Slough,  which  continues  in  a  southwesterly  direction  to  Kaweah  River. 
It  was  constructed  in  1863  or  1864,  for  drainage  purposes,  with  money 
from  the  swamp-land  funds.  There  seems  to  be  no  doubt,  however, 
that  it  would  not  have  been  constructed  had  it  not  been  desirable  to 
increase  the  flow  in  Visalia  and  Packwood  creeks  for  irrigation  pur- 
X)oses.  The  cut  was  filled  with  drift  and  silt  by  subsequent  freshets, 
and  was  again  opened  in  1876  by  the  same  parties  who  the  following 
year  organized  the  Kaweah  and  Mill  Creek  Water  Company.  It  is 
about  IS  to  20  feet  wide  on  the  bottom  and  half  a  mile  long.  It  is  pro- 
vided with  a  head  gate  having  a  width  of  22  feet. 
IRB  18 3 
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Ketchum  Cut. — ^This  is  a  ditch,  about  8  feet  wide  on  the  bottom,  baying; 
its  bead  on  tbe  sontb  side  of  St.  Jobns  River  about  a  half  mile  above 
Rocky  Ford.  Its  course  is  tbence  southwesterly,  skirting  the  eastern 
ba^e  of  the  Swamp  Angels  to  Kaweah  River,  one-half  mile  above  the 
head  of  the  Tulare  Canal.  The  ditch  was  constructed,  probably  aboat 
1864,  with  money  from  the  State  swamp-land  funds,  ostensibly  for  drain- 
age purposes.  It  was  originally  carried  across  Kaweah  River.  The 
right  to  use  it  for  irrigation  purposes  has  been  claimed  by  the  Rocky 
Ford  Canal  Company,  and,  possibly,  also  by  the  Tulare  Irrigation  Com- 
pany. It  seems  to  have  been  in  use  principally  for  the  irrigation  of  a 
few  small  tracts  of  land  on  the  north  side  of  Kaweah  River.  Its  flow 
is  controlled  by  a  head  gate. 

Crowley  &  Mehrtens  Ditch. — ^To  make  the  eniimeration  of  the  old  irri- 
gation works  complete  it  is  necessary  to  mention  the  Crowley  &  Mehr- 
tens Ditch,  which  was  a  small  ditch  in  use  for  some  years  on  the  south 
side  of  Kaweah  River,  westward  from  Wutchumna  Hill.  The  head  of 
the  ditch  was  near  the  northwestern  base  of  this  hill.  There  is  noth- 
ing left  of  it  now  except  an  old  cut  in  rotten  granite  on  the  south  bank 
of  the  river,  just  below  where  St.  Johns  River  leaves  the  Kaweah. 

TULARE  IRRIGATION  DISTRICT. 

This  district  was  organized  in  September,  1889,  by  landowners  in  the 
vicinity  of  Tulare.  Those  dependent  upon  the  Rocky  Ford  Canal  an<l 
Cameron  Creek  for  their  irrigation  water  seem  to  have  been  the  prime 
movers  in  the  matter  of  district  organization.  The  lands  dependent 
upon  Packwood  Creek  (Bacon  &  Crossmore  Canal)  and  upon  the  Kaweah 
Canal  were  mostly  excluded  from  the  district.  The  district  has  an  area 
of  39,200  acres,  including  the  2,500  acres  in  the  town  site  of  Tulare. 
After  much  preliminary  work,  involving  the  examination  and  surveying 
of  a  number  of  feasible  canal  routes  and  reservoir  sites  for  water  stor- 
age, it  was  decided  to  purchase  the  water  rights  of  the  Settlers  Ditch. 
This  was  done  for  $100,000,  in  district  bonds,  through  an  agent,  who  at 
the  same  time  agreed  to  take  an  additional  block  of  district  bonds 
amounting  to  $50,000.  The  money  realized  from  this  bond  sale  was 
expended  in  constructing  a  canal,  60  feet  wide  on  the  bottom,  from  a 
X>oint  on  the  north  side  of  St.  Johns  River  about  one-half  mile  below 
Rocky  Ford  in  a  southwesterly  direction,  nearly  parallel  with  the  river, 
about  2  j  miles,  to  the  southern  base  of  Iron  Mountain,  where  the  canal 
water  is  carried  across  St.  Johns  River  in  a  flume  9  feet  wide  and  4.} 
feet  deep,  which  is  supported  by  two  bridge  spans.  Tbe  course  of  the 
canal  from  St.  Johns  River  is  a  little  west  of  south  to  Kaweah  River, 
which  is  crossed  in  a  similar  flume.  It  then  has  a  course  due  south  to 
a  junction  with  tbe  Kaweah  Canal.  Before  this  entire  canal  section 
was  completed  tlie  available  $45,000  bad  been  expended  and  the  dis- 
trict was  still  without  water.  Tbe  Kaweah  and  Rocky  Ford  canals 
were  purchased  for  $20,000.    Contracts  were  let  for  the  construction  of 
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lateral  canals  and  for  the  enlargement  and  completion  of  the  main  canal^ 
Work  being  practically  paid  for  in  bonds  which,  it  was  understood, 
went  to  the  contractor  throngh  a  nominal  purchaser.  Main  distributa- 
ries were  carried  through  the  district  from  northeast  to  southwest,  and 
smaller  ones,  generally  on  laud  lines  from  north  to  south,  completed 
the  canal  system.  The  aggregate  length  of  district  canals  is  said  to 
exceed  150  miles,  and  the  main  canal  capacity  is  given  at  800  second- 
feet.  It  should  also  be  said  that  the  completed  system  of  works 
involves  the  construction  of  a  storage  reservoir  at  Iron  Mountain,  to  be 
supplied  with  water  by  means  of  a  high- line  canal  with  head  some- 
where near  Dillons  Point.  The  reservoir  site  has  in  part  been  pur- 
chased. The  total  bond  issue  by  the  district  was  $500,000,  all  of 
which  has  been  disposed  of. 

The  area  of  land  irrigated  in  the  district  has  been  rapidly  extended. 
It  is  said  that  from  5,500  to  30,000  acres,  principally  in  alfalfa,  cereals, 
and  orchard,  have  actually  been  irrigated,  the  area  var3ring  within 
wide  limits,  according  to  amount  and  duration  of  the  water  supply. 
The  inflow  of  water  to  the  canal  is  controlled  by  means  of  three  head 
gates  or  regulators,  of  which  the  one  on  the  north  side  of  St.  Johns 
Biver  is  60  feet  wide,  and  each  of  the  others  25  feet.  They  are  all  of 
the  loose  flashboard  type,  the  several  openings  being  about  4  feet,  and 
the  drop  boards  being  supported  by  inclined  timbers.  A  canal  super- 
intendent has  general  charge  of  water  distribution,  and  he  is  assisted 
by  ditch  tenders.  Water  is  generally  available  during  the  four  months 
April  to  June,  inclusive.  Operating  expenses  are  met  by  charging  for 
water,  the  charge  being  fixed  at  50  cents  to  $1  per  acre  for  the  first 
irrigation  and  half  price  for  subsequent  wettings.  The  charge  in  1897 
was  50  and  25  cents.  The  tax  to  meet  interest  on  bonds  and  cost  of  its 
collection  has  been  1.85  to  1.90  per  cent. 

WATER  SUPPLY,  SOILS,  AND   METHODS  OF  IRRIGATION. 

Prior  to  the  great  changes  in ,  channel  alignment  efl^ected  by  the 
freshets  of  1861-62,  the  Kaweah  Biver  waters  spread  at  high  stages 
over  what  was  known  as  Yisalia  Swamp,  which  commenced  at  Wutch- 
umna  Hill  and  extended  southwesterly  about  9  miles,  with  a  width  of 
1  to  3  miles.  The  spreading  waters  were  reunited  in  various  channels, 
as  already  explained,  in  and  below  this  swamp.  Channel  capacity  was 
inadequate  to  pass  flood  waters,  not  only  in  the  swamp,  but  also  below  it. 
It  was  inexpensive  to  divert  water  from  a  natural  channel,  or  even 
from  a  convenient  spot  in  the  swamp,  into  ditches,  and  the  use  of  water 
for  irrigation  commenced  soon  after  the  arrival  of  the  first  settlers.  A 
number  of  ditches  were  thus  in  use  when  the  regimen  of  the  river  was 
changed  by  the  freshets  above  mentioned,  and  entirely  new  works 
became  necessary  in  some  cases  to  keep  the  ditches  supplied  with 
water.  It  was  some  time  before  the  magnitude  of  the  changes  in  the 
river  alignment  and  their  ultimate  effects  were  fully  realized,  and  final 
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relief  to  those  dependent  npon  the  more  southerly  channels  for  water 
did  not  come  until  the  old  channel  of  Kaweah  River  was  reopened  as 
the  Fowler  Cut  in  1877.  Meanwhile  there  had  been  a  continually 
increasing  demand  upon  the  several  river  channels  for  water,  and 
almost  every  season  at  the  close  of  the  river's  high  stage  there  was 
contention  and  strife  concerning  the  apportionment  of  the  low-water 
fow  to  the  different  sections  of  Kaweah  delta.  Farmers  who  had  set- 
tled on  Canoe  Creek,  Elbow  Creek,  and  Cross  Creek  had  become  accus- 
tomed to  regard  8t.  Johns  Channel  as  the  principal  arm  of  the  river, 
and  dams  for  its  diversion  southward  into  and  across  Visalia  Swamp 
were  not  tolerated  without  protest.  When  the  low-water  flow  was 
finally  restored  to  the  old  channel  numerous  attempts  were  made  to 
force  it  back  into  St.  Johns  River,  and  amicable  adjustment  seemed 
out  of  the  question.  To  avoid  the  possibility  of  having  a  permanent 
change  made  at  the  head  of  St.  Johns  River,  land  was  there  acquired 
by  the  principal  south-side  ditch  companies.  A  brush  dam  was  then 
tolerated  in  the  Kaweah  River  channel,  which  effected  a  division  of 
the  flow  at  comparatively  low  stages,  but  the  exact  basis  of  water 
api)ortionment,  if  any  had  ever  been  agreed  upon,  is  not  known  to  the 
writer.  After  many  years  of  individual  effort  some  of  the  settlers 
were  forced  into  cooperative  measures,  as  already  explained,  with  8ome 
degree  of  success.  Had  there  been  greater  obstacles  to  overcome  in 
securing  control  of  water  in  the  first  instance,  the  development  of  irri- 
gation might  have  been  less  rapid,  but  would  probably  have  been  ulti- 
mjitely  effected  with  less  friction. 

The  ditches  and  canals  constructed  for  the  reclamation  of  Visalia 
Swamp,  as  already  referred  to,  were  hardly  necessary  as  drain  ways, 
because  the  increased  capacity  given  the  river  channels  by  the  freshets 
of  18()l-(»2  had  greatly  improved  drainage,  and  they  have  in  a  measure 
become  features  of  the  irrigation  system  of  this  river. 

The  surface  of  the  country  watered  by  the  many  delta  channels  of 
Kaweah  River  has  a  slope  from  east  to  west  of  about  6  to  7  feet  to  the 
mile.  The  portion  of  it  near  Visalia  and  thence  southwest  to  Tulare^ 
which  is  generally  known  as  the  Four  Creek  country,  is  covered,  in 
some  places  very  densely,  with  a  growth  of  majestic  oaks.  The  soil 
in  tlie  upper  portion  of  Visalia  delta  is  a  rich  alluvial  loam,  generally 
sandy,  sometimes  heavy.  Near  the  river  the  soil  is  deep,  resting  on 
sands  or  gravel.  At  the  base  of  and  between  the  outlying  hills  on  each 
side  of  the  river  the  predominating  soil  variety  is  a  black  loam  or  dry 
bog,  containing  much  clay,  sometimes  gravel,  and  merges  into  the  heavy 
red  soil  of  the  upper  or  eastern  border  of  the  valley  plain.  Upder  the 
soil  of  this  plain  a  hardpan  layer  several  feet  thick  is  nearly  every- 
where fqund  at  depths  of  from  1  to  5  feet.  Northward  from  Kaweah 
River  this  valley  plain  extends  in  a  broad  belt  along  the  foothill  base. 
The  soil  of  this  belt  is  of  the  usual  heavy  red  variety,  containing 
some  gravel.  Its  surface  is  very  generally  besprinkled  with  the  low 
mounds  usually  known  in  the  West  as  hog  wallows.     The  ground  water 
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of  tliia  north-side  district  is  from  8  to  30  feet  below  the  surface,  depth 
increasing  northward  from  the  river  and  eastward  toward  the  foothills. 
Westward  from  this  high  east-side  plain,  and  still  northward  from  the 
river- delta  lands,  the  soil  becomes  shallower  and  alkaline  salts  abound 
in  its  surface  layers.  In  the  Mill  Creek  country,  4  or  5  miles  westward 
tiom  Yisalia,  the  hardpan  of  the  higher  plain  disappears,  but  the  alka- 
line salts  remain  present  in  undesirable  quantity. 

The  soils  of  the  entire  delta  are  generally  sandy  loams,  chocolate 
colored,  deep  and  strong,  without  the  sublayers  of  hardpan  that  are 
characteristic  of  the  plains.  Ground  water  in  the  Kaweah  (or  Yisalia) 
delta  is  usually  at  8  to  12  feet  below  the  surface.  Near  Tulare  and 
westward  from  that  town  the  soil  is  darker  than  in  other  portions  of 
the  delta.  The  surface  of  the  soil  throughout  the  delta  is  smooth  and 
entirely  free  from  the  hog- wallows  of  the  adjacent  main  valley  uplands. 

Intermediate  between  the  Sierra  Nevada  foothills  and  Outside  Creek, 
and  southward  from  Kaweah  Hiver,  is  another  belt  of  country,  3  to  10 
miles  wide,  extending  far  southward  toward  Tule  Elver  and  embracing 
many  acres  of  excellent,  rather  heavy  soil. 

The  light  average  annual  rainfall  in  the  Kaweah  delta,  only  about  9 
inches,  the  abundance  of  natural  water  courses,  and  the  ease  with 
which  water  can  be  diverted  into  ditches  and  kept  under  control,  are 
circumstances  which  have  combined  to  stimulate  ditch  and  canal  con- 
struction in  this  8e<!tion  of  the  State,  but  not  for  speculative  purposes. 
The  irrigation  works  are  almost  all  owned  by  the  farmers  who  need  the 
water.  There  are  but  few  irrigators  who  do  not  own  stock  in  some 
ditch  company.  All  irrigation  canals  in  the  delta  have  been  carried  in 
the  most  direct  lines  from  source  of  water  to  place  of  use.  They  are 
almost  invariably  located  on  lines  parallel  with  the  main  drainage  lines 
of  the  country. 

The  lands  watered  by  Kaweah  River  are  utilized  for  diversified 
farming.  The  natural  growth  of  trees  and  grasses  has  always  been 
luxuriant  to  the  limit  of  the  overflow  from  the  delta  channels,  and  the 
construction  of  c^anals  and  ditches  has  greatly  increased  the  wet  area. 
Large  areas  are  m  use  as  natural  pastures,  particularly  to  the  east  and 
north  of  Yisalia.  Wheat  still  remains  the  staple  farm  product,  but 
considerable  areas  have  been  planted  to  alfalfa,  while  the  orchard  and 
vineyard  and  the  occasional  truck  patch  give  evidence  of  the  rapid 
movement  toward  a  more  intense  cultivation  of  the  soil. 

The  aggregate  capacity  of  the  canals,  ditches,  and  water  courses 
whose  flow  is  under  the  control  of  ditch  companies  will  probably  exceed 
2,000  second-feet.  There  are  fortunately  many  years  in  which  for 
months  at  a  time,  and  just  when  water  is  most  needed,  the  flow  of  the 
river  is  in  excess  of  this  amount.  It  is  difficult  to  approximate  the 
area  irrigated  or  benefited  with  water  from  Kaweah  River,  because  in 
many  instances  water  is  not  actually  applied  to  the  surface  of  the  land, 
but  reaches  the  soil  indirectly  through  seepage.  There  is  no  way  of 
collecting  even  imj^erfect  statistics,  however,  except  at  great  labor  in 
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the  field,  so  that  when  it  is  stated  that  about  50,000  acres  are  actually 
irrigated  and  an  additional  40,000  acres  are  more  or  less  directly  beue- 
fited  with  water  from  this  river,  too  great  reliance  shoald  not  be 
placed  upon  the  statement. 

There  are  very  few  stractores  of  any  kind  in  the  main  canals,  and 
bat  few  are  required  to  regulate  the  grade.  Erosion  is  not  undesira- 
ble, as  the  canals  are  generally  long  and  water  is  taken  from  each  at 
comparatively  few  {Mints  j  hence  the  increased  cost  of  providing  weirs 
at  x)oint8  where  water  is  to  be  diverted  is  more  than  o£fset  by  the 
increased  capacity  resulting  from  erosion. 

All  structures  for  the  diversion  of  water,  except  dams  at  the  heads 
of  canals,  are  timber  structures;  none  are  of  brick  or  stone.  Dams 
across  natural  water  courses  are  generally  constructed  of  brush  or 
gravel,  and  require  some  annual  repairs.  No  extended  observations 
have  been  made  in  this  section  to  determine  the  loss  of  water  from 
canals  in  transit  to  the  lands  irrigated ;  and  it  is  to  be  remembered  in 
this  connection  that  not  all  water  sinking  into  the  ground  from  natural 
or  artificial  water  courses  is  considered  lost,  because  it  is  this  very  loss 
which  fixes  the  elevation  of  the  plane  of  subsurface  or  ground  water, 
and  the  position  of  this  ground- water  plane  often  has  a  direct  bearing 
on  soil  productiveness.  Throughout  a  large  part  of  the  Yisalia  dis- 
trict ground  water  is  within  reach  of  the  roots  of  trees,  alfalfa,  and 
other  plants,  being  kept  there  by  the  water  which  sinks  from  natural 
and  artificial  channels  in  transit  to  lands  irrigated  and  by  the  water 
which  sinks  into  the  ground  on  irrigated  lands. 

The  method  of  applying  water  to  the  lands  to  be  irrigated  is  gener- 
ally by  flooding,  in  small  compartments  or  checks.  These  are  adapted 
to  the  irregularities  of  the  surface,  being  made  rectangular  when  the 
surface  is  sufficiently  level  and  smooth  to  permit  of  this  arrangement. 
Crops  cultivated  in  rows,  such  as  beans,  potatoes,  and  corn,  also 
orchards  and  vineyards,  are  generally  irrigated  by  running  water  in 
small  ditches  or  fuiTows  between  rows.  In  the  case  of  these  products 
the  soil  is  plowed  or  cultivated  as  soon  after  irrigation  as  practicable. 

Here,  as  elsewhere  in  San  Joaquin  Valley,  alfalfa  is  irrigated  after 
each  cutting  (about  every  five  or  six  weeks)  so  long  as  water  is  avail- 
able. Orchards  and  vineyards  receive  water  frequently  during  the 
spring  months,  and  also  in  the  summer  if  water  holds  out.  Corn  is 
irrigated  once  or  twice,  according  to  the  condition  of  the  ground  at  the 
time  of  planting.  Grain  is  rarely  irrigated;  vegetables,  very  copiously 
and  frequently. 

No  attention  has  as  yet  been  paid  to  soil  drainage.  The  many  com- 
paratively deep  natural  channels  in  the  delta  have  kept  ground  water 
so  far  below  the  surface  that  the  area  in  need  of  drainage  is  relatively 
small.  As  irrigation  systems  are  further  expanded  throughout  the 
delta  it  may  be  that  subsurface  soils  will  receive  water  more  rapidly 
than  it  can  pass  off  fh>m  them,  and  in  such  case  improved  drainage 
systems  will  become  a  necessity. 
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KINGS  RIVER. 

HYDROGRAPHY. 

The  drainage  basin  of  Kings  River  above  the  eastern  margin  of  San 
Joaqnin  Valley  has  an  area  of  1,742  sqaare  miles.  The  river's  water- 
shed extends  to  the  main  summit  of  the  Sierra  Nevada.  Less  than 
half  of  it  is  to  be  classed  as  low  moantainous,  all  the  rest  being  high 
mountaiuous  country.  The  snowfall  of  the  winter  melts  but  slowly 
during  the  spring  months,  consequently  the  river  reaches  its  ordinary 
high  period  late  in  spring  or  early  in  summer.  The  river  is  generally 
low  from  September  to  the  end  of  January ;  it  is  at  a  medium  stage 
during  February,  March,  and  August,  and  is  high  from  the  beginning 
of  April  to  the  close  of  July.  The  month  of  least  flow  during  the  six 
years  1878-1884  was  November,^  the  average  mean  flow  having  been 
313  second-feet,  and  the  least  flow  for  a  single  month  220  second-feet. 
The  extreme  low-water  flow  of  the  river  has,  no  doubt,  been  somewhat 
below  the  least  monthly  mean.  At  medium  stages  the  river  carries 
1,000  to  2,000  second-feet  of  water;  during  its  high  stages  its  monthly 
mean  ranges  from  4,000  to  over  8,000  second-feet.  The  maximum  flow 
of  the  river  during  the  six  years  above  named  occurred  in  June,  1884, 
the  extreme  limit  having  been  about  30,000  second-feet. 

A  gaging  station  was  established  on  this  river  September  3, 1895,  by 
the  United  States  Geological  Survey.  It  is  located  about  15  miles  east 
of  Sanger,  3  miles  below  Jarrett  Ranch,  and  southwest  of  a  hill  well 
named  Red  Mountain.  The  station  is  equipped  with  a  steel  cable,  car, 
and  tagged  wire.* 

The  results  of  these  measurements  show  for  the  year  1896  a  maxi- 
mum discharge,  which  occurred  in  May,  of  22,100  second-feet,  and  a 
minimum  discharge,  occurring  in  October,  of  310  second-feet.  The 
average  discharge  for  that  year  was  2,582  second-feet.  Similar  figures 
for  1897  are  as  follows:  Maximum  discharge,  22,730  second-feet,  occur- 
ring in  May;  minimum  discharge,  250  second-feet,  in  September,  with 
an  average  discharge  for  the  year  of  2,933  second-feet. 

The  Southern  Pacific  Railway  Company  has  maintained  gage-height 
readings  at  their  bridge  on  the  lower  Kings  River  1  mile  from  Kings- 
burg  since  1879.  Tbe  Geological  Survey  has  taken  a  number  of  dis- 
charge measurements  at  this  point,  but  owing  to  the  shifting  character 
of  the  stream  it  has  been  found  impossible  to  construct  rating  tables 
for  same.^ 


>  See  Physical  Data  and  Statlstioa,  Wm.  Ham.  Hall,  State  Engineer  of  California,  pp.  452, 478. 

*  Baa  U.  S.  Geol.  Survey  No.  140, 1890,  p.  286 ;  Eighteenth  Ann.  Hept.,  Part  IV,  1897,  p.  390 ;  Water- 
Supply  and  Irrigation  Paper  No.  11, 1897.  p.  92;  Water-So pply  and  Irrigation  Paper  No.  16, 1896,  p.  191. 

•Twelfth  Ann.  Kept.  U.S. Geol.  Survey. Part  11,1831,  p. 320,  PL  LXXXII;  Bulletin  No.  131,  1895, 
p. 80.  Bulletin  No.  140, 1896,  p.  284 ;  Eighteenth  Ann.  Kept.,  Part  IV,  1897,  p. 383;  Water-Supply  and 
Irrigation  Paper  No.  11, 1897,  p.  920^  Water-Supply  and  Irrigation  Paper  No.  16, 1888,  p.  192. 
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EHtimated  monthly  discharge  of  Kings  Hiver  at  Bed  Mountain,  Calif omia. 

[Drainage  area,  1,742  square  miles.] 


Month. 


1896. 

January 

February  

March 

April 

May 

June 

July 

August 

September  . . . 

October 

November 

December 

The  year 

1897. 

January  

February  

March 

April 

May 

June 

July 

August 

September  ... 

October 

November 

December 

The  vear 


Discharge  (iu  second- feet). 


Maxiniam. 


11,020 

1,140 

7,020 

4,600 

22,100 

18,920 

6,680 

1,212 

590 

510 

1,076 

550 


22,100 


624 

6,344 

4,408 

9,380 

22, 732 

10,580 

4,040 

1,100 

480 

572 

2,520 

8,348 


Minimum. 


390 

728 

820 

820 

1,140 

5,160 

1,212 

590 

390 

310 

390 

470 


310 


360 

1,100 

1,240 

1,930 

6,344 

2,520 

1,036 

440 

250 

270 

360 

572 


Mean. 


1,474 

825 

1,710 

1,938 

5,918 

12, 737 

3,742 

795 

491 

350 

538 

466 


2,582 


437 

1,631 

1,884 

5,318 

14, 470 

6,145 

2,177 

739 

329 

394 

692 

985 


22, 732 


250 


2,933 


Total 
(in  acre-feet). 


90,682 

47, 477 

105, 181 

115, 349 

36S,890 

757, 922 

230,110 

48,938 

29,234 

21, 520 

32,043 

28,659 


1, 871, 005 


26,870 

90,581 

115, 843 

316, 442 

889,731 

365,652 

133,859 

45,440 

19, 577 

24,226 

41, 177 

60,566 

2, 129, 964 


Run -off. 


Depth 
(in  inches). 


0.98 

.51 

1.13 

1.24 

3.90 

8.15 

2.48 

.52 

.31 

.23 

.35 

.31 


Second-fe«*t 

per  square 

mile. 


20.11 


0.29 

.96  ' 
1.22  I 
3.33 
9.40  , 


3.87 


1.41 
.47 
.20 
.25 
.44 
.63 


O.hS 

.47 

.98 

1.11 

3.40 

7.31 

2.15 

.45 

.28 

.20 

.31 

.27 


1.48 


0.25 

.92 

1.06 

2.99 

8.15 

3.45 

1.22 

.42 

.18 

.   £Li 

.  7yj 


22.  An 


1.65 


Kings  Eiver  enters  San  Joaquin  Valley  from  the  east  about  20  miles 
east  of  Fresno.  Before  reaching  Centerville  Bottoms  the  river  flows 
in  a  broad  bed  of  cobbles  from  which  the  hills  rise  quite  abruptly 
toward  the  north  and  toward  the  south.  The  liills  retreat  from  the  river 
somewhat  at  the  upper  end  of  Centerville  Bottoms,  forming  a  wedge- 
shaped  valley  that  opens  into  the  main  San  Joaquin  Valley  about  4 
miles  farther  west,  at  Centerville.  The  northern  portion  of  this  Rings 
River  spur  of  San  Joaquin  Valley  may  be  regarded  as  a  second  or  upx)er 
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bottom;  tlie  southern  portioD,  lyinR  at  a  lower  level,  is  the  uj>per 
divi.sioD  of  Oenterville  Bottoms.  Tlicse  botCooi  laadu,  which  have  a 
length  of  about  0  miles,  are  depressed  below  the  general  surface  of  the 
Sau  Joaquin  Valley  plain,  being  about  10  feet  lower  than  the  same  at 
their  upper  limit  and  about  CO  feet  below  the  same  at  the  Narrows, 
where  the  main  valley  plain  drops  iu  abrupt  blnfTs  to  the  baoks  of  the 
river  as  it  emerges  from  these  bottoms  at  their  southeastern  extremity. 
From  this  point  southward  for  about  VJ  miles  the  surface  of  the  main 
valley  has  greater  fall  than  the  river,  gradually  approaching  its  level, 
and  near  Kingsbnrg  the  bluffs  upon  either  side  of  the  river  entirely  dis- 
appear. It  is  here  that  the  Kings  Biver  delta  begins. 
Through  Ceuterville  Bottoms  the  river  flows  in  numeroas  channels, 
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the  main  stream  having  a  length  of  about  14  miles  and  a  total  fall  in 
that  distance  of  about  120  feet.  The  beds  of  these  streams  are  for  the 
most  part  formed  of  deposits  of  cobbles,  gravel,  and  sand.  Chsanel 
banks  are  rarely  high  or  well  defined.  Below  the  Narrows  the  fall  of 
the  river  is  only  2  feet  to  the  mile,  which  is  maintained  with  reasonable 
nniformiiy  to  the  outfall  of  the  main  channel  into  Tulare  Lake. 

From  the  head  of  Cole  Slough,  2  miles  south  from  Kingsburg,  the  main 
channel  of  Kings  Hiver  has  a  southwesterly  course  for  a  distance  of  35 
miles  to  the  trough  of  San  Joaquin  Valley;  its  coarse  thence  is  south 
about  11  miles  to  Tulare  Lake. 

Cole  Slougb,  the  uppermost  arm  of  the  river  thrown  off  toward  the 
north,  has  a  course  nearly  paralU'l  with  the  main  channel  of  the  river 
for  some  miles,  then  flows  northwesterly  and,  together  with  other  delta 
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ohanaelB,  delivers  its  water  into  Fresno  Swamp,  through  which  it  flows 
into  San  Joaquio  Biver.  Kinga  River  has  bat  a  single  tribatary  below 
the  point  where  it  enters  San  Joaqain  Valley.  Thia  is  Wahtoke  Greek, 
a  small  foothill  stream  which  reaches  the  river  from  the  east  at  tiie 
Narrows.  Owing  to  scant  rainfall,  there  is  bat  little  ran-off  from  the 
lands  of  the  plains,  and  this  is,  as  a  rule,  away  from  the  main  stream 
and  not  toward  it. 

Canals  and  ditches  from  this  river  are  to  be  divided  into  two  princi- 
pal groups,  of  which  one  embraces  those  which  leave  the  river  at  the 
apper  end  of  Centerville  Bottoms  and  the  other  those  of  the  delta.    For 
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convenience  these  gronps  may  be  again  sabdiWdnd^according  to  location 
of  tracts  irrigated,  and  will  be  treated  under  appropriate  subheadings. 

CANALS  AND  DITCHES. 

Kingi  River  <£  Fresno  Canal. — This  is  the  tipper  north-side  canal 
from  Kings  Biver.  Its  head  is  5^  miles  above  Oenterville.  The  canal 
receives  water  throagb  the  head  of  a  natnral  channel  or  arm  of  the 
river  which  has  a  position  at  the  base  of  the  low  north-side  slope  that 
rises  from  the  border  of  the  river  bottoms.  Within  a  mile  of  its  head 
the  canal  is  carried  in  a  cat  northwestward  ont  npon  tbe  sarface  of  the 
second  bottom,  and  a  half  mile  beyond  its  water  is  dropped  into  a 
small  natural  channel  known  as  Burns  Slough.  After  flowing  in  this 
southwesterly  for  a  mile,  the  water  is  carried  westward  in  a  cat  less 
than  one-half  mile  in  length  to  Kip  Slough,  from  which  it  is  again 
reclaimed  1^  miles  below.  The  course  of  the  canal,  now  in  au  artificial 
channel,  is  thence  westerly  across  Fanshaw,  Ked  Bank,  and  Frolic 
creeks  into  the  Dry  Creek  district  northeastward  from  Fresno. 

The  cut  from  Centerville  Channel  of  Kings  Kiver  to  Burns  Sloogh 
has  a  bed  width  of  about  30  feet.  Below  that  point  the  canal  width  is 
quite  irregular,  ranging  from  about  15  to  24  feet.  The  flames  over 
creeks  are  16  feet  wide,  with  sides  3  feet  high.  The  longest  one  is  that 
across  Red  Bank  Creek,  which  has  a  length  of  96  fe«>t.  The  iall  of  tho 
main  canal  is  far  in  excess  of  what  might  be  considered  necessary,  its 
course  being  almost  in  the  direction  of  greatest  fall  of  the  ground's 
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surface.  This  resalts  in  no  injury  to  bank  lands  in  tbe  upper  section 
of  the  canal,  where  a  firm  substratum  sets  a  limit  to  erosion,  but  has 
made  the  ufc  of  frequent  check  weirs  or  drops  necessary  in  its  lower 
sections,  particularly  at  points  where  water  is  delivered  into  branches. 

The  construction  of  this  canal  was  commenced  in  1872.  At  that 
time  a  regulator  was  placed  in  its  head  at  Centerville  Channel  of  Kings 
Eiver.  The  following  year  the  cut  to  Bums  Slough  was  made  and  the 
canal  was  extended  westward  upon  the  valley  plain.  The  canal  was 
intended  primarily  to  supply  water  to  landowners  who  had  become 
stockholders  in  it,  but  the  sale  of  water  was  not  restricted  to  the  stock- 
holders. The  company's  capital  stock  was  fixed  at  $100,000,  in  1,000 
shares.  Water  is  sold  at  rates  annually  determined,  not  exceeding  $50 
per  second- foot  for  stockholders  and  $75  per  second-foot  for  other  irri- 
gators. The  sale  of  water  covers  all  expenses  of  management  and 
repairs.    The  first  cost  of  the  canal  was  about  $50,000. 

As  a  result  of  adverse  claims  to  the  use  of  Centerville  Channel  the 
canal  company  was  in  conflict  with  the  Fresno  Canal  and  Irrigation 
Company  until,  in  1875,  it  was  agreed  that  the  water  in  the  regulator 
of  the  Kings  Biver  &  Fresno  Canal  should  be  maintained  at  1  foot  in 
depth  during  the  low- water  period  of  the  river  until  there  was  less 
than  1  foot  in  depth  in  the  regulator  of  the  other  canal,  and  that 
thereafter  equal  depths  should  be  maintained  in  both  regulators. 

The  distribution  of  water  to  ditches  of  consumers  is  in  charge  of  a 
canal  superintendent.  No  system  of  measurement  is  in  use.  Water 
is  delivered  to  each  ditch  on  the  judgment  of  the  sux>erintendent  in 
proportion  to  the  number  of  second-feet  to  which  each  ditch  is  entitled. 
No  attempt  is  made  to  effect  actual  delivery  of  the  amount  of  water 
bargained  for.  Any  number  of  irrigators  may  unite  and  have  the 
Aggregate  amount  to  which  they  are  entitled  delivered  through  one 
gate. 

The  Enterprise  Ditch  was  the  result  of  such  combination  of  interests. 
It  was  constructed  about  1885.  It  received  water  for  a  time  from  the 
main  canal  at  the  x>oint  where  its  waters  are  dropped  into  Kip  Slough, 
and  takes  a  westerly  course  along  the  base  of  the  north-side  foothills. 
Bounding  the  x>oint  of  these  about  2^  mUes  north  of  Centerville,  its 
course  is  northerly  for  4  miles,  thence  westerly  about  8  miles,  gen- 
erally 3  to  4  miles  north  of  the  main  canal.  This  ditch  was,  a  few 
years  after  construction,  sold  to  the  Fresno  Canal  and  Irrigation  Com- 
pany in  consideration  of  40  water  rights  that  were  issued  to  its  owners. 

Fresno  Canal. — The  head  of  Fresno  Canal  is  about  1^  miles  below 
the  head  of  the  Kings  Eiver  &  Fresno  Canal;  also  on  the  north  side 
of  Centerville  Channel.  A  short  artificial  channel  having  a  westerly 
course  drops  tbe  water  of  the  canal  into  Chambers  Slough,  which  is  a 
depression  at  the  base  of  the  low  bluff  at  the  northern  margin  of  the 
bottoms.  This  has  been  converted  into  a  section  of  the  canal  by  the 
construction  of  a  levee  along  its  south  bank  to  a  point  a  little  over  a 
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mile  from  the  head  of  the  caual.  There  the  canal  enters  Long  Cut, 
which  extends  westward  in  a  direct  line  a  little  over  one-half  mile  and 
carries  the  canal  water  into  another  natural  channel,  Barus  Slongb, 
which  connects  with  Kip  Slongh  a  short  distance  below.  Long  or  Big 
Gut  pierces  the  rimland  which  borders  Genterville  Bottoms  on  the 
north.  It  has  a  greatest  depth  of  abont  10  feet  and  a  width  of  65  feet. 
Kip  Slough  is  utilized  for  the  canal  for  a  little  over  a  half  mile.  It  is 
thence  carried  westerly  nearly  2  miles  in  an  irregular  natural  depres- 
sion, which  was  converted  into  a  canal  by  constructing  embankment^s 
along  the  south  bank  of  the  proposed  water  way.  From  this  depres 
sion  an  artificial  channel  only  about  500  feet  long  drops  the  canal  water 
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into  Mud  Greek,  down  which  it  flows  in  a  southwesterly  (lirecti<m  3  to  4 
miles  to  Fancher  (Fanshaw)  Creek,  which  then  becomes  the  ma^n 
channel  of  the  creek  to  a  point  about  3  miles  east  of  Fresno. 

Where  Fresno  Ganal  leaves  Kip  or  Lone  Tree  Slough  the  slongh  is 
closed  by  means  of  an  embankment,  in  which  a  gate  has  been  placed, 
through  which  water  is  delivered  into  the  lower  section  of  the  slon^rli, 
which  is  also  known  as  the  Kirigsburg  branch  of  Fresno  Ganal.  Thi^ 
branch  delivers  water  to  the  Highland,  the  Garfield  (which  also  receives 
water  from  other  sources),  tlie  McGall,  and  the  Selma  ditches. 

The  main  canal  may  be  regarded  as  terminating  in  the  Q\d  sink  of 
Fancher  Greek,  about  3  miles  east  of  Fresno.  From  that  jxiiDt  it 
sends  southward  its  Washington  Golony  branch  and  south  westward 
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tbe  Central  Colony  branch,  from  which  there  is  another  branch  to 
Fresno  Colony.  At  the  Hobler  Dam,  aboat  8  miles  east  of  Fresno,  a 
branch  is  taken  out  toward  the  south  and  reaches  Fowler  and  the  col- 
onies in  its  vicinity,  and  another  branch  is  carried  westward  from  the 
north  side  of  the  main  canal  to  portions  of  the  Easterby  ranches. 
Two  miles  above  the  Hobler  Dam  the  principal  north-side  diversion  is 
made.  This  is  known  as  the  Mill  Ditch,  which  for  many  years  furnished 
X)ower  to  a  flour  mill  in  Fresno,  and  delivered  the  water,  aftei:  use  for 
])ower,  to  the  colonies  south  westward  from  Fresno.  The  ditch  through 
Fresno  and  this  north  side  branch  has  become  the  feeder  of  the  Bank 
L<and  Canal,  which  conveys  water  northwesterly  to  a.  large  tract  of 
land  northwest  of  Fresno.  Another  north- side  branch  of  the  Fresno 
Canal  is  the  Enterprise  Ditch,  which  has  already  been  referred  to  in 
describing  the  Kings  River  &  Fresno  Canal  (p.  43).  This  ditch  was 
purchased  for  40  water  rights. 

Ko  attempt  will  here  be  made  to  describe  or  even  to  enumerate  the 
many  small  branches  of  this  canal,  particularly  as  some  of  these  are 
owned  independently  and  often  receive  water  from  other  sources  as  well 
as  from  the  Fresno  Canal.  It  may  be  sufficient  to  state  that  the  aggre- 
gate area  covered  by  water  rights  (each  nominally  1  second-foot  to  160 
acres)  exceeds  160,000  acres. 

The  history  of  this  canal  construction  is  not  without  interest.  Oper- 
ations on  it  commenced  in  1870  with  the  posting  of  a  notice  of  a  claim 
to  water  "to  be  taken  from  Kings  River  at  the  upper  end  of  Sweem's 
Ditch,  20  feet  on  the  bottom,  30  feet  on  the  top,  4  feet  deep."  This 
claim  was  made  by  Mr.  M.  J.  Church,  who  a  month  later  acquired  a 
two-thirds  interest  in  the  Sweem  Ditch.  The  Sweem  Ditch  was  a  small 
ditch,  the  construction  of  which  seems  to  have  been  commenced  in  1870, 
which  was  intended  to  increase  the  flow  of  what  was  then  known  as 
the  Centerville  Ditch.  Its  upper  section  was  enlarged  and  became  the 
head  section  of  Fresno  Canal.  In  1872  a  regulator  or  head  gate  was 
constructed  in  the  head  of  the  Fresno  Canal,  and  in  the  spring  of  1874 
a  small  cut  on  the  line  of  the  present  Long  Cut  was  completed  from  the 
Centerville  Ditch  to  the  lower  sections  of  the  Fresno  Canal,  on  which 
work  had  meanwhile  been  pushed  to  the  limit  of  the  means  of  the  pro- 
jector of  the  work,  Mr.  M.  J.  Church.  This  small  connecting  ditch  is 
re])orted  to  have  had  a  bed  width  of  only  5  feet  on  a  grade  of  5  feet  to 
the  mile.  As  the  alignment  of  a  part  of  the  older  Centerville  Ditch 
was  in  time  to  become  the  alignment  of  a  section  of  the  Fresno  Canal, 
and  because  it  seemed  desirable  to  secure  the  water  rights  acquired  by 
the  Centerville  people,  arrangements  were  made  to  obtain  control  of  the 
corporation  known  as  the  Centerville  Canal  and  Irrigation  Company,  and 
a  transfer  of  their  ditch  property  was  made  to  the  Fresno  Canal  and  Irri- 
gation'Company.  This  was  in  1874.  As  soon,  however ,.as  the  settlers 
near  Centerville  realized  what  their  officers  were  doing  the  demands  for 
just  treatment  at  the  hands  of  the  Fresno  Canal  and  Irrigation  Com- 
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A  water  right,  as 
thousandth  part  of  the 
on  a  specified  tract  of  1> 
privilege  of  issaing  1,000 
canal.  Each  purchaser  of  a  waTel 
or  permit  it  to  be  used,  on  any  other  lai? 
is  purchased,  nor  to  permit  the  water  to  rul 
or  in  any  other  way  to  run  to  useless  waste,  an1 
surplus  waters  back  into  the  main  canal  or  a  bran^ 
water  right  remains  subject  to  au  annual  expense  asse!^ 
ranges  from  $80  to  $100.  Water  is  delivered  without  any  aV 
measurement  to  each  irrigator  at  any  point  on  the  compan^l 
system  that  he  may  select.  Ko  transfer  of  a  water  right  can  ai 
except  with  the  land  which  it  covers.  Each  purchaser  of  a  watei*  i 
grants  to  the  canal  company  the  right  of  way  for  ditch  and. 
purposes  through  any  lands  lying  in  the  same  township  as  thcl 
for  which  water  is  bought,  and  concedes  to  the  company  the, 
to  use  his  private  ditch  provided  the  company  does  not  use  it  8<' 
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interfere  with  the  delivery  of  his  water.  The  purchaser  of  a  water 
right  farther  obligates  himself  to  pay  to  the  canal  company  annaally 
an  agreed  sum  (this  has  nsnally  been  $100),  and  in  default  of  payment 
for  thirty  days  to  forfeit  hia  water  right.  The  water-right  agreement 
farther  sets  forth  that  the  company  shall  not  be  responsible  for  defi- 
ciency in  water  sapply  caased  by  drought,  insufficiency  of  water  in  the 
river,  hostile  diversion  or  obstruction,  forcible  measures  or  temporary 
damage  by  floods  or  other  accidents,  but  that  it  shall  use  and  employ 
all  due  diligence  at  all  times  in  restoring  and  protecting  the  flow  of 
water  in  its  canals. 

The  structures  on  the  canal  do  not  deserve  extended  notice.  They  are 
all  made  of  timber.  The  original  regulator  has  been  replaced  by  a 
second  one,  constructed  about  1884,  shown  in  PI.  VIII,  A  and  B.  It 
consists  of  a  substantial  framework  of  heavy  timbers,  spaces  between 
vertical  posts  being  closed  by  vertical  sliding  gates.  From  the  head 
gate  an  embankment  of  cobblestones,  gravel,  and  sand  extends  north- 
ward across  Centerville  Bottoms  to  a  connection  with  high  land,  and 
prevents  destruction  of  the  upper  section  of  the  canal  during  freshets. 
The  diversion  of  water  into  the  head  of  the  canal  is  effected  by  means 
of  a  brush-and-cobblestone  dam,  as  shown  in  PI.  YII,  the  mainte- 
nance of  which  in  the  past  has  not  been  expensive.  Along  the  line  of 
the  canal,  wherever  necessary  to  prevent  excessive  erosion,  or  where 
required  to  turn  water  into  a  branch  ditch,  light  timber  weirs  are  in 
use.  Most  of  these  consist  of  two  side  or  bulkhead  walls  and  a  floor, 
usually  placed  a  little  below  the  grade  of  the  canal,  and  a  line  of  verti- 
cal ])08t8  supported  by  braces  from  below.  Spaces  between  posts  are 
closed  to  the  desired  height  either  by  fixed  horizontal  boarding  or  by 
movable  drop  timbers  or  boards. 

The  impression  which  the  whole  work  gives  is  that  of  haphazard 
management,  the  result  of  which  is  not,  however,  entirely  unsatisfac- 
tory. 

The  control  of  the  canal  long  ago  passed  out  of  the  hands  of  Mr. 
Church,  who  effected  a  profitable  sale  of  the  property.  It  is  now 
managed  by  parties  who  also  own  controlling  interests  in  the  Kings 
Eiver  and  Fresno  Canal  Company  and  who  have  acquired  the  property 
known  as  Rancho  Laguna  de  Tache.  It  remains  to  be  added  that 
these  parties  as  owners  of  the  rancho,  which  is  located  on  lower  Kings 
River,  have  entered  into  a  contract  with  the  Sunset  irrigation  district 
under  the  terms  of  which,  in  consideration  of  a  reservoir  site,  a  right  of 
way  for  a  canal,  and  a  waiver  of  riparian  rights,  the  irrigation  district 
has  paid  to  the  owners  of  the  rancho  $250,000  in  bonds  and  has  agreed 
to  make  no  demand  for  water  until  3,500  second-feet  of  water  are  avail- 
able for  the  Fresno  Canal  and  the  canal  of  the  rancho. 

Cenlervilk  Ditch, — This  is  at  present  a  branch  of  the  Fresno  Canal. 
It  was  constructed  in  1868  and  1869  by  settlers  near  Centerville  (now 
Kings  River).    They  organized  a  company  known  as  the  Centerville 
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Oaual  and  Irrigation  Company,  whicb  was  incorporated  iu  Aagust-, 
18G8.  This  company  seems  to  have  been  the  successor  iu  interest  to 
all  rights  acquired  by  some  of  the  settlers  whose  first  eteps  to  secure 
water  were  taken  in  1865,  The  canal  was  constructed  southwesterly 
from  a  point  near  where  the  head  of  the  Kings  River  &  Fresno  Canal 
DOW  is  about  2^  miles  to  Bums  Slough;  thence  this  slough  was 
utilized  for  about  a  mile  to  a  point  a  short  distance  below  the  Long 
Cut,  and  thence  the  ditch  was  ext-ended  southwesterly  about  3  miles 
farther  to  lands  at  and  west  of  Centerville.  The  canal  property  was 
transferred  to  the  Fresno  Canal  and  Irrigation  Company  in  1874,  by 
those  who  had  secured  control  of  the  stock,  and  the  opposing  minority 
interests  were  finally  placated  by  the  issuance  of  perpetual,  unassess- 
able water  rights  in  the  newer  canal  to  stockholders  who  owned  lands 
near  Centerville. 

Siceem  Ditch, — This  ditch  was  never  completed.  Its  construction 
was  commenced  in  1870  from  a  point  near  the  present  heiid  of  the 
Fresno  Canal,  practically  on  the  alignment  subsequently  adopted  for 
that  canal.  Its  purpose  was  to  increase  the  delivery  of  water  into 
Burns  Slough  for  the  Centerville  Ditch.  It  was  sold  before  completion 
to  the  parties  who  were  at  work  on  the  Fresno  Canal  project,  and 
within  a  few  years  it  was  transformed  into  a  large  canal,  as  already 
explained. 

Fowler  Switch  Canal. — The  head  of  the  Fowler  Switch  Canal  is  in 
Centerville  Bottoms,  about  100  yards  below  the  head  of  the  Fresno 
Canal.  Its  course  is  southwesterly  for  1^  miles  in  Centerville  Bottoms, 
thence  westerly  for  2  miles  across  the  second  bottoms  to  near  the 
channel  of  Lone  Tree  Creek,  thence  southwesterly  10  miles  and  soath- 
erly  5  miles  to  a  point  about  midway  between  Fowler  and  Selma,  thence 
southwesterly  5  miles,  thence  northwesterly  into  the  district  southward 
from  the  Washington  Colony.  The  canal  is  said  to  have  been  built  to 
carry  1,500  second-feet.  Its  bed  width  is  about  45  feet,  its  depth 
variable.  The  gradient  is  very  irregular,  being  that  of  the  natnral 
surface  of  the  ground  in  its  upper  sections,  where  a  quite  firm  hard- 
pan  formation  is  relied  upon  to  check  excessive  erosion  of  the  canal 
bed.  Near  the  lower  end  of  the  canal  it  was  given  a  fall  of  l.d2  feet 
to  the  mile. 

It  was  proposed  to  use  no  check  weirs  to  reduce  the  fall,  which  for 
short  distances  was  as  great  as  12  feet  to  the  mile,  and  to  put  lateral 
ditches  at  a  lower  elevation  than  the  main  canal,  so  as  to  reduce  the 
necessary  structures  to  a  minimum.  It  was  soon  found,  however,  that 
weirs  would  be  necessary  at  some  points  to  check  erosion  and  at  most 
points  where  water  was  to  be  diverted. 

Among  the  branches  of  the  Fowler  Switch  Canal  may  be  mentioned 
the  Cleveland  Ditch,  about  5  miles  long,  which  delivers  water  to  lands 
midway  between  Malaga  and  Fowler;  the  Western  Canal,  which  sup- 
plies water  to  lauds  adjacent  to  and  immediately  sonth  of  the  Sieixa 
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Park  and  Waahingtoii  Colony;  tbe  Oraot  Ditcb,  which  has  a  westerly 
couTBe  for  4  or  5  miles  from  near  the  end  of  the  main  canal;  and  the 
Elkhom  Canal,  vhicU  has  a  southwesterly  course  aud  delivers  water 
to  the  western  portion  of  the  Wildflower  region.  The  entire  canal  eys- 
tem  gave  promise  of  being  one  of  considerable  imi>ortauce  t^i  the  pros- 
perity of  the  district  it  couimauded,  but  hopes  have  not  been  folly 
realized.  The  canal  has  not  been  permittetl  to  take  river  water  with- 
oat  prot«st,  and  unfavorable  court  decisions  have  thrown  some  doubt 
upon  tbe  reliability  of  this  canal  as  a  source  of  supply. 

This  canal  was  constructed  in   1883.    Farmers  in  the  vicinity  of 
Fowler  who  wanted  water  for  their  own  lands  formotl  a  corporation, 
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the  capital  stock  of  which  was  fised  at  t450,(KH),  divided  into  1,500 
shares,  of  which  300  were  subscribed  for.  It  was  agreed  that  in  pay- 
ment for  each  share  labor  aud  material  might  be  contributed  to  the 
extent  of  $200,  the  remainder  to  be  paid  in  coin.  It  was  soon  found, 
however,  that  the  first  issue  of  shares  would  not  cover  the  cost  of 
canal  construction,  and  it  was  followed  by  a  second  issue  of  300  shares, 
which  were  taken  by  the  same  persons  who  held  the  first  issue. 
Abont  $110,000  were  expeuded  on  canal  construction  in  the  first  two 
years. 

The  water  in  the  canal  is  apportioned  to.  the  stockholders,  who  may 
ask  for  the  delivery  of  their  water  at  any  point  on  the  main  canal. 
This  hag  led  to  the  construction  of  a  number  of  branch  ditches  under 
IBE  18 1 
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independent  management,  which  receive  their  water  from  the  main 
canal.  One  of  the  principal  branches  of  this  sort  is  the  Elkhom 
Ditch.  It  is  owDcd  by  a  company  in  which  thirty  shares  are  represented. 
Some  of  the  stockholders  in  the  Elkhorn  Ditch  Company  are  not  hold- 
ers of  Fowler  Switch  stock.  In  such  cases  they  are  required  to  buy 
their  water  from  some  stockholder.  The  use  of  the  Elkhorn  Ditch  is 
restricted  to  its  owners,  no  water  being  sold. 

The  water  represented  by  the  stock  of  the  Fowler  Switch  Canal  Com- 
pany is  at  the  disposal  of  the  individual  stockholders  to  the  extent 
that  it  maybe  leased  or  sold  and  its  delivery  maybe  called  for  through 
any  branch  ditch.  No  system  of  water  measurement  or  special  design 
of  gate  has  been  prescribed.  All  gates  in  distributing  ditches  are  con- 
structed by  the  consumers.  The  delivery  of  water  through  these  gates 
is  in  charge  of  a  canal  superintendent.  The  canal  company  itself  does 
not  sell  any  water.    All  expenses  are  met  by  assessing  the  stockholders. 

The  structures  on  the  canal  do  not  merit  extended  notice.  They  are 
all  of  very  light  construction.  The  check  weirs  or  drops  are  V-shaped, 
upper  and  lower  faces  being  permanently  sheathed  with  light  boarding. 
There  is  no  diverting  dam  at  the  head  of  the  canal,  which  has  been 
located  just  above  a  natural  cobblestone-and  bowlder  riffle. 

Genterville  &  Kingshurg  Canal, — This  is  another  of  the  important 
north-side  canals  from  Kings  Eiver  belonging  to  the  upper  group  of 
canals.  Its  head  is  about  2  miles  in  a  direct  line  northeast  of  Center- 
ville,  and  about  the  same  distance  by  river  below  the  head  of  the 
Fowler  Switch  Canal.  Its  course  is  westerly  for  nearly  half  a  mile, 
directly  toward  the  northwestern  margin  of  Centerville  Bottoms.  Its 
second  half  mile  has  a  southwesterly  direction,  along  the  slope  from 
higher  plains  to  the  bottoms;  thenceonthe  higher  level  it  holds  a  coarse 
southwesterly  and  southerly  for  about  8  miles,  practically  parallel  with 
the  blufif,  20  to  30  feet  high,  which  drops  from  the  valley  plain  to 
Centerville  Bottoms.  This  portion  of  the  canal  is  frequently  within  a 
few  rods  of  the  edge  of  the  bluil',  and  is  rarely  more  than  half  a  mile 
distant  therefrom. 

About  9  miles  below  its  head  the  canal  is  separated  into  a  number  of 
branches,  which  radiate  throughout  the  district  westward  from  Kings 
Eiver  below  the  Narrows,  extending  southeastward  to  lands  east  and 
south  of  Sanders,  southward  to  the  vicinity  of  Kingsburg,  and  south- 
westward  beyond  Selma  and  well  into  the  Wildflower  country. 

The  main  canal  has  irregular  dimensions,  its  bed  width  being  gener- 
ally about  30  to  35  feet.  It  has  been  allowed  to  cut  deep  into  the  friable 
surface  soils  in  the  upper  sections  of  its  course,  where  but  little  attempt 
has  been  made  to  reduce  its  gradient  below  that  of  the  natural  surface 
of  the  ground.  The  length  of  main  canal  is  about  18  miles.  The  l^igth 
of  its  three  principal  branches  is  reported  at  about  26  miles. 

The  diversion  from  the  river  is  effected  by  means  of  a  bmsh-aiid- 
cobblestoue  dam,  in  which  a  small  gate  serves  as  waste  way  and  saud 
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sluice.  The  canal  regulator  is  close  to  the  river  and  is  of  a  type  very 
common  on  Kings  Biver  canals.  Three  rows  of  posts  rii^ing  from  a 
plank  floor  extend  across  the  canal  from  one  bulkhead  wall  to  the  other. 
They  support  a  platform  loa<led  with  cobbles  and  gravel  to  give  sta- 
bility to  the  structure.  The  spaces  between  upper  posts  are  closed  by 
means  of  vertically  sliding  gates,  each  of  which  has  a  stem  extend- 
ing above  the  platform,  to  which  power  is  applied  when  the  gate  is  to 
be  opened  or  closed.  The  cost  of  the  regulator  was  about  $1,000.  The 
first  cost  of  the  canal  was  about  $35,000. 

This  canal  was  constructed  in  1877  and  1878.  It  was  built  by  a 
company  organized  by  farmers  who  owned  lands  near  Kingsbnrg  and 
Selma.  The  capital  stock  of  the  corporation  which  they  formed  was 
originally  fixed  at  $12,500,  but  was  subsequently  increased  to  $35,000, 
being  divided  into  fifty  shares.  The  upper  2  niih»8  of  the  canal  were 
constructed  by  day  labor.    The  rest  of  the  main  canal  was  divided  into 
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Fig.  18.— Head  of  Centervillo  &  Kiojcsbiirg  Canal. 

sections,  each  of  which  represented  one  share  of  stock,  and  was  assigned 
to  some  stockholder,  who  was  required  to  complete  it.  A  few  nnlimited, 
unassessable  rights  to  water  from  the  canal  have  been  granted  to  set- 
tlers near  Centerville,  in  consideration  of  rights  of  way.  Kach  stock- 
holder is  entitled  to  the  delivery  of  a  proportional  ])art  of  tlie  water 
remaining  available  for  distribution;  but  each  stockholder,  or  the 
cori)oration  when  in  ])ossession  of  any  shares  of  stock,  may  lease  the 
shares.  The  price  of  a  share  per  month  in  1882  was  $6.  Shares  were 
at  that  time  valued  at  about  $1,500.  Each  share  of  stock  is  supposed 
to  represent  "3  feet  of  water;"  an  expression  of  quantity  which  seems 
as  vague  as  the  amount  named  in  the  franchise  of  the  company — *'150 
cubic  feet  of  water  under  a  4inch  pressure."  In  fact,  however,  ea<;h 
share  of  stock  entitles  its  holder  to  a  proportional  part  of  the  water 
varying  somewhat  according  to  the  number  of  shares  in  actual  use,  but 
not  in  excess  of  three  times  the  amount  which  would  flow  4  inches  deep 
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over  a  clear  overfall  12  inches  long.  Water  is  apportioned  on  the  judg- 
ment of  a  canal  superintendent,  generally  through  gates  of  like  con- 
struction. When  the  amount  of  water  per  share  of  stock  in  the  canal 
exceeds  three  units,  each  indicated  by  a  clear  overfall  of  4  inches  on  a 
length  of  12  inches,  then  all  surplus  water  is  held  for  sale,  by  the 
directors  of  the  company,  at  fixed  rates  per  month  per  unit.  The  cost 
of  canal  management,  maintenance,  and  repairs  is  assessed  upon  the 
stockholders.  The  annual  expense  assessment  is  now  about  $80  per 
share  of  stock.  The  works  required  to  divert  water  from  the  main 
canal  into  private  ditches,  including  weirs  in  the  main  canal,  are  con- 
structed by  the  consumers  of  water,  subject  to  approval  of  the  canal 
company. 

Satisfactory  use  of  this  canal  has  been  interfered  with  to  no  little 
extent  by  litigation,  generHlly  involving  the  right  of  the  canal  to  receive 
water  from  the  river,  and,  as  in  the  case  of  other  canals  from  Kings 
Eiver,  its  permanent  efficiency  as  a  source  of  supply  has  been  thrown 
somewhat  into  doubt  by  adverse  decisions  of  the  courts. 

Selma  irrigation  district. — This  irrigation  district  is  situated  on  the 
north  side  of  Kings  Biver,  in  Fresno  County,  and  embraces  within  its 
limits  the  lands  now  watered  by  the  Fowler  Switch  and  the  Genterville 
&  Kingsburg  canals.  It  was  organized  in  1890  with  an  area  of 
271,000  acres.  For  the  purchase  of  existing  canals  and  the  construc- 
tion of  new  works,  it  was  proposed  to  issue  bonds  to  the  amount  of 
$1,000,000;  but  the  bond  issue  was  twice  defeated  at  the  x)olls,  and  it 
seems  to  be  generally  conceded  that  there  is  small  probability  of  a 
continuation  of  operations  under  the  district  law. 

Alta  irrigation  district  {76  Canal). — ^The  canal  which  supplies  water 
to  the  Alta  irrigation  district  is  fnown  as  the  76  Canal.  It  belongs  to 
the  upper  group  of  Kings  Eiver  canals.  Its  head  is  on  the  south  side 
of  the  river,  about  1^  miles  above  the  head  of  the  Kings  Kiver  & 
Fresno  Canal,  if  the  point  at  which  the  uppermost  work  for  the  direc- 
tion of  water  toward  the  canal  regulator  may  be  termed  its  head.  At 
that  point  a  branch  of  the  river  has  been  enlarged  somewhat  and  other- 
wise improved,  and  tlie  water  diverted  from  the  main  stream  through 
this  natural  (channel  is  carried  in  a  succession  of  depressions  or  high- 
water  channels  along  the  southeastern  margin  of  Centerville  Bottoms 
about  3  miles,  to  the  point  where  the  canal  cuts  out  upon  the  higher 
plain  lying  to  the  east  of  Centerville  Bottoms.  The  natural  depressions 
of  the  upper  coal  section  have  in  large  part  been  converted  into  a  canal 
by  building  up,  along  their  low  western  banks,  embankments  of  cobble- 
stones and  bowlders,  which  were  taken  from  their  beds  for  their  enlarge 
ment.  Where  the  canal  turns  away  from  Centerville  Bottoms  a  eat 
9  feet  in  depth  was  necessary.  From  this  point  the  canal  has  a  general 
southeasterly  course,  following  a  grade  line  with  18  inches  fall  to  the 
mile,  that  skirts  the  western  foothill  base.  At  6  miles  below  the  regu- 
lator the  canal  is  carried  across  Wahtoke  Creek,  and  ita  southeasterly 
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courst)  is  maintained  about  22  milei^  fartlivr,  to  tieiir  Cottonwood  Creek. 
The  maio  caual  bax  been  made  the  eastern  boundary  of  ttie  Alia  irri- 
gation district. 

Tbe  bed  width  of  tbe  canal  tbronghout  the  firat  Qi  miles  below  the 
regulator  is  100  feet.  Its  ca)>acitj',  with  a  depth  of  5  feet  of  water,  is 
aboat  1,200  second-feet.  From  the  main  canal  numerous  branches 
extend  soathwesterly  and  southerly  into  tbe  heart  of  the  district. 
The  principal  of  these  is  the  Traver  branch,  which  has  been  given  a 
bed  width  of  60  feet.  It  leaves  the  main  canal  about  IJ  miles  below 
Wahtoke  Greek,  and,  as  its  name  indicates,  delivers  water  to  lands  in 
th6  vicinity  of  Traver.  Branch  canals  are  for  the  most  part  located 
across  the  valley  plain  on  lines  of  its  greatest  slope.  They  have  gen- 
erally been  given  positions  on  high  ground  intermediate  between  gentle 
depressions,  though  in  some  instances,  as  iu  the  case  of  tbe  Traver 
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branch,  natural  water  conrses  have  been  in  large  part  snbstituted  for 
expensive  canal  work. 

Tbe  inflow  of  water  from  tbeupper  canal  section  into  the  secondsectiou 
of  tbe  main  caunl  is  controlled  by  means  of  a  regulator  or  head  gate. 
Above  tbe  regulator  in  the  west  canal  bank  is  a  spillway  through  which 
Burplns  waters  are  dropped  into  Patterson  Slough,  one  of  the  Kings 
Biver  channels  in  Centerville  Bottoms.  The  regulator  rises  from  a  plank 
floor  constructed  of  two  layers  of  3  incli  planking,  the  dimensions  of 
which  are  100  feet  in  the  direction  across  the  canal  by  30  feet  along  its 
axis.  Tbe  surface  of  the  floor  is  at  grade  of  tbe  canal  bottom.  Along 
its  apper  and  lower  edges  are  two  lines  of  sheet  piling,  not  driven,  but 
coustrncted  in  trenches,  which  extend  to  a  depth  of  5  feet.  Tbe  bottom 
ends  of  tbe  sheeting  planks  are  nailed  to  a  horizontal  plank  3  by  13 
inches,  which  adds  to  the  effectiveness  of  the  sheeting.    Trenches  were 
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refilled  with  carefully  selected  material  well  tamped  into  place.  Tbree 
rows  of  posts,  with  uecessary  brace  timbers,  rise  from  this  floor,  the 
post  rows  being  8  feet  apart.  They  support  a  platform  which  serves 
as  a  bridge.  Between  the  upper  posts  are  the  gates,  twenty  iu  all, 
which  slide  vertically  in  grooves  formed  by  spiking  additional  timbers 
to  the  upper  faces  of  the  i>08tB.  Each  gate  has  a  stem  to  which  power 
is  applied  by  means  of  a  lever.  Every  fourth  gate  is  provided  witli 
two  verlicsil  revolving  shutters,  so  connected  with  it  that  when  closed 
they  will  not  interfere  with  the  free  movement  of  the  gate.  These 
shutters  are  intended  to  be  used  when  the  water  pressure  on  the  gates 
is  so  great  as  to  interfere  with  their  being  raised.  The  cost  of  the 
head  gate  was  $3,000.  Lumber  at  the  gate  costs  $28  x>er  thousand  feet, 
board  measure.    About  60,000  feet  of  lumber  were  used  in  its  coustruc- 
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tion.  The  check  weirs  in  use  on  this  canal  system  (there  are  nine  ou 
the  Traver  branch  within  7J  miles  above  Traver)  are  simple  but  serv 
iceable  structures.  They  are  of  the  iiashboard  type.  Spaces  between 
posts  4  feet  apart,  which  rise  from  a  plank  floor,  are  closed  by  loose 
boards  sliding  in  grooves.  The  cost  of  a  check  weir  across  a  canal  60 
feet  wide  is  reiwrted  to  have  been  $275. 

Occasionally  a  firm  hardpan  layer  that  would  not  yield  readily  to 
blasting  or  plowing  had  to  be  broken  up  into  long,  nanow  strips  ^ith 
gads.  A  spur  of  rotten  granite  was  crossed  at  one  point,  and  the  maxi 
mum  cut  through  it  was  28  feet.  Throughout  5  miles  below  the  regu- 
lator large  cobbles — some  1  foot  in  least  diameter — ^had  to  be  removetl 
from  the  material  loosened  by  the  plow  before  scraper  work  could  com- 
mence. The  ground  containing  these  cobbles  was  first  trenched  with 
large  road  plows  drawn  by  12  to  16  mules.  The  plows  were  steadied 
by  means  of  long  saplings  extending  out  on  either  side. 
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Along  the  base  of  Cauipbells  Mouutain,  throagliout  ttio  3  or  4  miles 
above  WjiLtoke  Creek,  tbe  surface  soil  into  wliich  tUe  caual  was  cut  is 
(Ir-y  bo^ — a  dark -colored,  light  soil,  wbicli  contracts,  cracks,  and  crum- 
bles iu  drying.    When  wet  this  soil  is  soft  au<l  sticky.    This  material 
bad  to  be  used  in  many  places  for  the  canal  embankment,  which  often 
crossed  depressioDS, 
and     when    water 
reached  these  it  rap- 
idly permeated    the 
spongy   bank    nud 
often    foood    vents 
that  led  to  tbe  speedy 
destrnction    of    the 
embankment.  It  cost 
about  $6,000  to  get 
tbe  water  in  thecanal 
as  far  as  Wahtoke 
Creek. 

The  canal  was  con- 
structed in  1882. 
This  was  before  the 
enactment  of  the  irri- 
gation-district law. 
Its  construction  was 
undertaken  by  a  pri- 
vate corporation,  on 
a  plan  which  wn^ 
very  satisfactorily 
carri edout.  Assoon 
as  the  feasibility  of 
making  the  diversion 
of  water  from  tbe 
river  was  assured, 
about  40,000  acres  of 
land  OQ  the  plains  to 
becommanded  by  tbe 
canal  were  bought 
for  the  corporation  at 
prices  less  than  $10 
per    acre.     These 
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sale  as  soon  as  tbe 

canal  came  into  service,  at  prices  soniewbivt  in  excess  of  the  added  cost 
of  canal  construction.  It  was  proposed  to  establish  each  year  a  sched- 
ule of  prices  to  be  adhered  to  for  a  year,  but  demand  for  laud  was  so 
great  at  the  i)rices  fixed  during  the  tirst  few  years  that  the  lands  were 
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repeatedly  withdrawn  from  sale.  The  expenditure  of  less  than  $300,000 
in  four  years  thus  created  and  increased  values  to  an  estimated  amount 
of  over  $800,000,  not  including  increaised  values  of  properties  in  which 
the  canal  comx)any  had  no  direct  interest. 

Before  the  canal  was  sold  to  the  Alta  irrigation  district,  water 
rights  were  issued  to  purchasers  of  all  lands  sold  by  the  canal  com- 
pany and  were  for  sale  to  others  owning  land  in  the  district  com- 
manded. A  water  right  was  defined  as  40  miner's  inches  of  water,  and 
was  located  upon  some  particular  40-acre  tract  of  land,  of  which  it 
became  an  appurtenance.  Each  full  water  right  was  made  liable  to  an 
assessment  of  $16  per  year  to  cover  expenses  of  canal  management. 
The  price  of  a  water  right  wa«  fixed  at  $200. 

The  Alta  irrigation  district  was  formed  in  1888  and  was  made  to 
include  the  lands  to  be  irrigated  with  the  76  Canal.  It  extends  south- 
erly from  Kings  Eiver  to  and  even  beyond  Cottonwood  Creek  and 
westerly  to  within  a  mile  of  the  eastern  border  of  the  Kings  Biver 
delta,  and  has  an  area  of  130,000  acres.  Two  years  later  the  district 
purchased  the  canal  and  its  branches,  paying  therefor  $410,000  in 
bonds  of  the  district.  /This  covered  the  repayment  to  holders  of  water 
rights  of  the  amounts  which  they  had  paid  for  them. 

The  northern  apex  of  the  Alta  irrigation  district  is  at  the  western 
base  of  Tchoenimue  Mountain,  where  a  second  river  bottom,  10  to  20 
feet  higher  than  Centerville  Bottoms,  lies  below  the  76  Canal.  From 
the  second  bottom,  which  is  long  and  narrow,  having  an  area  of  nearly 
7,000  acres,  there  is  an  abrupt  rise  of  20  to  35  feet  to  the  upland  or 
main  east-side  San  Joaquin  Valley  plain.  The  surface  of  this  plain 
drops  away  gently  from  the  base  of  the  hills  southwestward  toward  the 
valley  trough.  Its  slope  is  at  first  about  10  feet  to  the  mile,  but  this 
becomes  gradually  le^js  and  is  only  6  feet  to  the  mile  near  Traver.  The 
only  notable  break  in  the  surface  of  this  portion  of  the  valley  plain  is 
made  by  Wahtoke  Creek,  which,  in  its  southwesterly  course  from  the 
foothills  of  the  Sierra  IN^evada,  passes  to  the  east  and  south  of  Camp- 
bells Mountain  and  discharges  into  Kings  Eiver  at  the.  Karrows.  It 
flows  in  a  wide,  deep  gorge  from  foothill  base  to  the  river. 

Southward  from  Wahtoke  Creek  are  several  minor  creek  channels, 
which  carry  water  only  in  very  wet  seasons  and  sink  or  spread  before 
reaching  Cross  Creek. 

After  the  purchase  of  the  76  Canal  system,  in  1800,  more  branch 
canals  were  necessary.  These  were  constructed,  under  the  dir^tion  and 
supervision  of  the  district  engineer,  by  private  partiec*,  from  whom  they 
were  then  bought,  payment  being  made  with  irrigation-district  bonds. 
About  150  miles  of  branch  ditches  were  thus  constructed,  at  a  total 
cost  in  bonds  of  $133,000.  The  entire  district  is  now  covei-ed  with 
branch  canals,  which  are  rarely  more  than  2  to  3  miles  apart. 

The  area  of  land  to  whose  surface  water  is  now  actually  applied  is 
estimated  by  the  district  officers  at  40,000  acres.    The  distribution  of 
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water  is  iu  charge  of  a  caual   superintendent  and  seven  assistants, 
called  **  ditch  tenders.'' 

The  soil  of  this  region  is  for  the  most  part  a  sandy,  loam,  with  coarse, 
clayey  sands  near  the  eastern  border  of  the  district,  and  finer,  lighter 
sands  toward  the  west.  Mach  alkali  is  in  the  soil  to  the  west  and 
southwest  of  Traver.  Hardpau  subsoils  are  common  at  2  to  5  feet 
below  the  surface.  Ground  water  before  1883  was  at  20  to  60  feet.  It 
was  nearest  the  surface  in  the  southern  and  western  portions  of  this 
district.  Irrigation  is  causing  the  water  table  to  rise,  particularly  near 
Traver. 

Water  is  usually  available  for  irrigation  from  February  until  the  end 
of  July.  Where  used  on  a  small  scale,  land  is  occasionally  prepared 
for  it  by  subdivision  into  small  rectangular  checks.  This  Avas  the  pre- 
ferred system  when  water  was  first  introduced  into  the  vicinity  of 
Traver.  Now  the  contour-check  method  of  irrigation  is  finding  more 
favor.  The  reason  for  this  preference  seems  to  be  due,  not  only  to 
reduced  first  cost,  but  also  to  the  fact  that  it  requires  less  cutting  down 
of  surface  soils  than  the  level-check  method  of  irrigation.  The  uncov- 
ered subsoils  are  often  found  to  be  relatively  barren.  Orchards,  vine- 
yards, and  summer  crops  are  quite  generally  being  irrigated  by  the 
furrow  method.  Grain  land,  if  wet  at  all,  is  irrigated  by  spreading 
water  over  the  surface  from  small  ditches  or  furrows,  usually  before 
sowing. 

Morrow  Ditch. — This  was  one  of  several  small  private  ditches  south 
of  the  main  channel  of  the  river  which  were  in  use  for  the  irrigation 
of  small  tracts  of  land  in  Genterville  Bottoms.  It  was  constructed 
about  1865. 

Dennis  dk  Jordan  ditch, — This  is  another  private  ditch,  now  having 
the  appearance  of  a  natural  arm  of  the  river.  Its  course  is  southwest- 
erly from  Patterson  Slough,  from  which  it  takes  water  about  H  miles 
below  the  regulator  of  the  76  Ganal. 

Kincaid  Ditch, — This  name  is  applied  to  an  eastern  arm  of  Patterson 
Slough,  the  head  of  which  is  about  one-half  mile  below  the  head  of  the 
Dennis  &  Jordan  Ditch.  It  supplies  water  to  the  Dennis  Ditch  and  to 
Finks  Branch. 

Glenn  and  Barton  ditches, — These  are  two  other  small  private  ditches, 
which  seem  to  have  been  in  use  about  1879  on  lands  of  Genterville 
Bottoms,  but  which  have  probably  been  abandoned. 

Emigrant  Canal, — This  canal  may  be  classed  as  almost  out  of  serv- 
ice. It  was  the  uppermost  of  the  north-side  Kings  Biver  canals  of 
the  lower  group.  It  took  water  from  the  north  side  of  Gole  Slough 
about  2  miles  below  the  head  of  that  arm  of  Kings  Biver.  Its  course 
was  southwesterly,  nearly  parallel  with  Gole  Slough,  for  about  3  miles, 
thence  northwesterly  to  and  beyond  Wildtiower.  The  canal  was  con- 
structed by  an  organization  of  farmers  who  wanted  water  for  their 
lands,  and  was  to  be  managed  for  mutual  benefit.    They  formed  a  cor- 
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poration  late  in  1875,  with  a  capital  stock  of  $20,000,  in  shares  of 
$1,000  each.  All  expenses  of  construction,  maintenance,  and  manage- 
ment were  met  by  assessing  stockholders.  Each  stockholder  was  enti- 
tled to  the  use  of  canal  water  in  proportion  to  amount  of  stock  owned. 
He  was  allowed  to  sell  or  rent  his  water  at  pleasure.  Each  consunier 
of  water  was  required  to  build  his  own  delivery  gate,  subject  to  the 
approval  of  the  directors.  The  distribution  of  water  was  in  charge  of 
a  canal  superintendent,  which  office  was  annually  let  to  the  lowest 
bidder.  The  canal  had  a  bed  width  of  about  16  feet,  and  delivered  its 
water  to  a  number  of  branches,  which  covered  about  7,000  acres.  The 
canal  company  became  involved  in  litigation  and  failed  to  maintain 
control  of  its  head  works,  so  that  finally  it  received  water  only  during 
high  stages  of  the  river,  and  generally  for  such  short  periods  of  time 
that  those  dependent  upon  it  soon  found  it  to  their  advantage  to  secure 
additional  water  from  the  Centerville  &  Kingsburg  or  the  Fowler  Switch 
canals. 

Liberty  Canal, — This  is  a  canal  which  was  constructed  about  1882 
from  the  nortli  side  of  Murphy  Slough,  its  head  being  about  5  miles 
above  Kiverdale.  After  experiencing  much  trouble  in  obtaining  a  sat- 
isfactory supply  of  water  from  Murpliy  Slough,  which  is  the  extension 
of  Cole  Slough,  the  original  head  of  the  canal  was  abandoned  several 
years  ago,  and  it  was  extended  easterly  about  7  miles  to  a  connection 
with  a  high- water  escape  way  from  Cole  Slough  known  as  the  Suther- 
land Canal,  The  inflow  into  the  canal  is  controlled  by  a  regulator 
placed  in  the  Sutherland  Canal  about  one-eighth  mile  from  Cole 
Slough.  The  canal  is  about  15  miles  long,  has  a  westerly  course  for  7 
miles  and  thence  a  northwesterly  course,  is  about  20  feet  wide,  and  its 
branches  cover  about  5,000  acres  to  the  north  of  Riverdale. 

Millrace  Canal. — Where  Murphy  Slough  leaves  the  grant  known  as 
the  Eancho  Laguna  de  Tache,  about  1^  miles  above  Riverdale,  two 
gates  or  flashboard  weirs  have  been  built  across  the  two  cliannels  of 
the  slough.  These  force  its  water  through  a  short  canal  into  another 
natural  channel,  known  as  the  Old  Forth  Channel,  from  which  it  is 
reclaimed  half  a  mile  below  and  is  carried  westward  and  thence  north- 
w^ard  in  the  Millrace  Canal.  This  canal  is  used  for  the  irrigation  of 
lands  near  Kiverdale  and  westward  thereof.  It  is  essentially  a  high- 
water  canal.  The  canal  proper  is  about  6  miles  long.  It  has  a  bed 
width  of  about  14  feet. 

Reeds  Bitch. — One  of  the  old  ditches  on  Kings  River  is  the  Reeds 
Ditch,  whose  head  is  on  the  north  side  of  Murphy  Slough,  about  4 
miles  below  Riverdale.  It  is  a  small  private  ditch,  having  a  course  a 
little  north  of  west.  Its  bed  width  is  about  5  feet;  its  length  about  4 
miles.    It  irrigates  a  few  acres  of  land  near  Elkhorn. 

Laguna  de  Tache  Canal  {Grant  Canal). — The  "River  Ranch,''  which 
includes  the  Rancho  Laguna  de  Tache,  has  an  area  of  about  (>8,000 
acres,  embracing  within  its  boundaries  nearly  all  of  the  delta  lands 
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of  Kings  lliver  northward  from  the  main  stream.  A  main  canal  has 
been  constructed  for  the  irrigation  of  the  greater  j)art  of  this  rancho, 
and  this  is  known  either  as  the  Laguna  do  Tache  Canal  or  the  Grant 
Canal.  A  hirge  portion  of  this  rancho  is  annually  submerged  during 
the  high  stages  of  Kings  Kiver.  The  area  subject  to  such  Hooding 
has,  however,  been  considerably  reduced  by  the  construction  of  a 
north-side  river  levee  along  a  portion  of  the  ranch  frontage.  There 
are  a  number  of  north-side  delta  channels  which  break  out  from  the 
main  stream  within  this  rancho,  most  of  which  have  westerly  courses 
toward  the  valley  trough.  The  history  of  these,  as  related  by  local 
residents,  is  not  without  interest.  The  present  head  of  Cole  Slough  is 
a  water  way  made  by  the  freshets  of  1801-62.  It  was  enlarged  and 
deepened  by  subsequent  high  waters.  Cole  Slough  is  the  principal 
north-side  delta  channel.  Its  waters  are  carried  westward  by  the 
several  branches  of  Murphy  Slough,  and  finally  reach  the  upi)er  por- 
tion of  Fresno  Swamp,  through  which  they  are  carried  in  a  network  of 
channels,  as  frequently  found  in  tule  swamps,  to  Fresno  Slough  and 
San  Joaquin  River,  many  miles  northwestward. 

Before  1862  Cole  Slough  received  water  from  the  river  through  a 
channel  known  as  the  Arroyo  de  Hotansas,  the  head  of  which  was 
about  a  quarter  of  a  mile  below  the  present  head  of  tlie  slough.  This 
channel  was  about  3  miles  long. 

Until  1869  Cole  Slough  occupied  a  channel  which  at  a  point  about 
3  miles  in  a  direct  line  above  Kingston  was  less  than  a  quarter  of  a 
mile  from  Kings  River,  but  in  that  year  Mr.  St.  John,  one  of  the  owners 
of  the  rancho,  made  a  small  ditch  westward  from  the  north  slough 
bank  about  6  miles  below  its  head.  This  ditch  was  enlarged  by  the 
next  high  water;  it  lost  the  appearance  of  a  ditch,  and  is  now  called 
St.  Johns  Channel  or  New  Cole  Slough.  It  reunites  3  miles  below  its 
head  with  the  original  slough  channel  at  a  point  also  known  as  the 
head  of  Murjihy  Slough. 

A  small  ditch,  constructed  in  1868  by  a  settler  known  as  Dutch  John, 
connecting  Kings  River  with  Cole  Slough  at  the  x)oint  where  the  two 
channels  were  nearest  together,  had  meanwhile  also  been  converted 
into  a  capacious  water  course  and  has  since  been  known  as  the  Dutch 
John  Cut.  In  the  same  winter,  1868-69,  the  river  broke  through  the 
barrier  separating  it  from  Murphy  Slough  at  a  point  about  3  miles  (by 
river)  below  the  Dutch  John  Cut  and  formed  Reynolds  Slough,  which 
is  about  one-half  mile  long. 

The  Grant  Canal  was  constructed  in  1873.  Water  was  diverted  for 
it  from  Murphy  Slough,  near  Reynolds  Slough,  which  latter  ^as 
permanently  closed  by  means  of  a  dam.  Two  years  later,  by  per- 
mission of  the  owners  of  the  (irant,  a  new  connection  between  Cole 
Slough,  half  a  mile  above  the  head  of  (irant  Canal,  and  Murphy 
Slough,  nearly  the  same  distance  below  the  canal,  was  made  by  set- 
tlers who  were  desirous  of  increasing  the  liow  of  water  in  the  channels 
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reaching  the  vicinity  of  Elkborn.  Its  projectors  subseqaently  filed  a 
claim  to  water  and  incorporated  under  the  name  of  the  Vanderbilt 
Canal  Company.  Settlers  in  the  vicinity  of  Riverdale  and  Elkhorn 
claim  that  the  original  cut  was  entirely  artificial,  while  owners  of  the 
Grant  Canal  claim  that  the  cut  is  merely  the  result  of  cleaning  out  the 
head  of  a  natural  water  course.  After  the  Vanderbilt  Cut  had  become 
one  of  the  channels  for  Cole  Slough  water,  the  Grant  Canal  was  extended 
upstream  across  Murphy  Slough  to  the  Vanderbilt  Cut,  from  which  it 
has  ever  since  taken  its  water.  The  turning  of  the  flow  of  Cole  Slough 
into  the  Vanderbilt  Cut  is  accomplished  by  means  of  a  dam  of  earth 
across  the  old  south  channel.  From  the  cut  water  is  turned  into  the 
head  of  the  canal  by  means  of  a  second  earth  dam,  and,  flowing  in  the 
canal,  it  crosses  Murphy  Slough  between  two  dams,  of  which  the  lower 
or  westerly  one  is  an  overfall  dam  of  brush  work,  serving  as  an  escape 
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way  for  surplus  waters  and  feeding  the  lower  sections  of  Murphy 
Slough. 

The  Laguna  de  Tache  Canal  has  a  westerly  course  along  the  northern 
bank  of  the  main  channel  of  Kings  Biver,  from  which  it  is  generally 
less  than  one-half  tnile  distant.  At  5^  miles  below  its  head  it  crosses 
a  water  course  known  as  the  James  Canal,  on  an  earthen  dam,  and  its 
direction  becomes  southerly.  It  reaches  the  river  bank  within  a  mile 
and  closely  follows  it  southerly  for  about  a  mile  farther  on  its  course, 
crossing  and  closing  the  head  of  another  delta  channel  of  Kings 
River  known  as  Old  North  Fork. 

The  upper  section  of  the  main  canal  for  a  distance  of  about  4  miles 
from  its  head  has  a  bed  width  of  about  30  feet  and  carries  water  2  to 
2\  feet  deep.  The  distributaries  from  the  main  canal  are  for  the  most 
part  natural  channels,  many  of  which  have  long  ago  ceased  to  serve  as 
delta  channels  and  are  mere  swales  on  the  tops  of  low  ridges.  The 
James  Canal  is  a  channel  of  more  recent  formation,  which  has  been 
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utilized  as  a  distributing  ditch.  By  permission  of  the  owners  of  the 
Grant  a  gate  for  the  control  of  its  flow  was  put  into  this  channel  in 

1880.  It  was  washed  oat  by  the  next  freshets  and  was  replaced  in 

1881,  but  was  again  destroyed.  Thereupon  the  owners  of  the  Grant 
permanently  closed  this  channel  with  the  embankment  of  earth  on 
which  the  canal  is  carried  across. 

The  head  of  Old  North  Fork,  whieh  is  another  distributary  of  canal 
water,  was  closed  as  early  as  1865  by  Messrs.  Sutherland  and  Mann. 
One  of  the  most  important  of  the  lower-river  north-side  delta  cliannels 
is  the  Zalda  Canal,  which,  throughout  its  lower  sections,  is  generally 
known  as  the  North  Fork  of  Kings  River.  It  is  claimed  that  the  head 
of  this  channel  is  the  enlargement  by  flood  waters  of  a  ditch  con- 
structed in  1872  by  settlers  living  to  the  west  of  the  Grant.  This 
channel  was  reported  closed  for  a  time  by  a  dam  at  the  river  about 
1885.  It  was  at  that  time  proposed  to  utilize  this  channel  as  one  of 
the  distributaries  of  water  from  the  Grant  Canal.  The  course  of  North 
Fork  is  westward  in  a  very  direct  line  toward  Summit  Lake,  but. before 
the  lake  is  reached  its  main  channel  swerves  northward  into  Fresno 
Swamp.  The  portion  of  the  Kings  Eiver  delta  between  the  main  river 
on  the  south  and  the  Zalda  Canal  on  the  north  marks  the  very  flat 
summit  between  Tulare  Lake  and  Fresno  Swamp.  In  the  trough  of 
the  valley  near  and  to  the  south  of  Summit  Lake  the  general  elevation 
of  the  ground's  surface  on  this  summit,  the  lowest  point  on  the  border 
of  Tulare  Lake,  is  about  211  feet  above  mean  sea  level.  During  the 
last  high  stage  of  the  lake,  in  1868,  the  depth  of  water  over  the 
general  surface  of  the  country  at  this  point  was  about  6  feet. 

The  lands  of  the  Eancho  Laguna  de  Tache  have  always  been  so  well 
watered  that  the  irrigation  works  which  have  been  constructed  maybe 
regarded  as  serving  primarily  to  establish  a  convenient  control  of  the 
water  rather  than  as  works  intended  to  increase  the  supply.  To  pre- 
vent excessive  natural  inundation  it  has  been  found  necessary  to  erect 
embankments  along  the  river,  also  to  construct  numerous  drain  ditches 
from  low  tracts  into  natural  channels  to  facilitate  drainage.  Tlie  main 
irrigation  canal  supplies  water  to  a  large  number  of  distributaries,  fre- 
quently natural  channels,  and  these  in  turn  to  small  irrigating  ditches, 
usually  200  to  450  yards  apart.  As  the  entire  irrigation  system  lies 
within  the  limits  of  the  rancho  there  has  been  less  study  of  methods  of 
controlling  and  distributing  water  than  would  have  been  the  case  if  a 
large  number  of  consumers  had  to  be  supplied,  and  water  measure- 
ment has  been  entirely  out  of  the  question. 

The  Eancho  Laguna  de  Tache  has  within  the  last  few  years  become 
the  property  of  the  same  parties  who  control  the  Fresno  Canal.  The 
future  of  both  properties  was  kept  in  mind  when  the  owners  of  the  Grant 
sold  Kings  Eiver  water  to  the  Sunset  irrigation  district,  to  be  diverted 
by  way  of  Cole  Slough  into  the  eiilnrjxed  Grant  Canal,  thence  across  tlie 
Zalda  Canal  (North  Fork)  to  a  proposed  reservoir  near  Summit  Lake. 
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According  to  the  terms  of  this  agreement  tbe  district  is  given  a  right 
of  way  and  a  reservoir  site,  and  water  is  sold  to  it  to  the  extent  of 
3,500  second-feet,  subject  to  tlie  prior  rights  of  tlie  owners  of  the 
rancho  and  of  the  Fresno  Canal  to  the  extent  of  3,000  second-feet,  and 
subject  also  to  the  proviso  that,  for  use  on  the  ranch,  600  second-feet 
may  be  taken  out  of  the  main  canal  of  the  district.  The  price  paid  by 
the  irrigation  district  was  $250,000  in  district  bonds,  and  the  aggre- 
gate amount  of  land  in  reservoir  sites  and  right  of  way  for  the  canal 
was  not  to  exceed  2,200  acres. 

Crescent  Canal. — This  canal  was  constructed  in  1885  and  188G,  and 
came  into  use  in  1887  for  the  irrigation  of  lands  on  the  western  edge  of 
the  extreme  southern  portion  of  Fresno  Swamp.  The  head  of  the  canal 
is  on  the  south  side  of  North  Fork,  about  a  mile  to  the  north  of  Summit 
Lake.  The  canal,  whicth  is  about  8  miles  long,  has  a  westerly  course 
for  about  IJ  miles,  thence  northwesterly,  following  a  grade  line  with  a 
fall  of  G  inches  to  the  mile.  It  was  originally  made  50  feet  wide  near 
its  head;  it  was  25  feet  wide  several  miles  below,  and  50  feet  wide  in 
its  lower  sections.  The  narrow  section  was  cut  to  the  full  width  in 
1892.  It  was  planned  to  carry  water  3  feet  deep.  A  regulator  is 
maintained  in  the  head  of  the  canal.  This  is  a  simple  structnre. 
Twelve  light  gates  of  1  inch  boards  close  the  4-foot  openings  between 
vertical  posts  which  rise  from  a  plank  floor.  The  total  width  of  the 
regulator  between  side  walls  is  50  feet.  Its  height  is  about  G  feet.  It 
is  weighted  on  top  with  a  filling  of  earth.  The  canal  supplies  water  to 
several  thousand  acres  of  land,  most  of  which  lies  within  the  limit  of 
overflow. 

The  canal  is  owned  by  an  incorporated  company,  whose  capital  stock 
was  fixed  at  $75,000,  in  150  shares.  The  cost  of  the  canal  works  has 
been  about  $5,000.  The  canal  was  constructed  for  the  supply  of  water 
to  lands  owned  by  its  stockholders  and  not  for  the  sale  of  water.  Each 
irrigator  is  required  to  own  one  share  of  stock  for  each  quarter  section 
of  land  (IGO  acres)  which  he  wishes  to  irrigate.  All  distributing 
ditches  are  constructed  by  the  irrigators,  who  take  water  from  the 
main  canal  at  the  most  convenient  points. 

Peoples  Ditch. — This  is  a  canal  of  the  lower  group  whose  head  is  on 
the  south  side  of  Kings  River,  about  one-half  mile  above  the  head  of 
Cole  Slough.  Kings  Kiver  at  this  point  flows  in  a  broad,  sandy  bed  to 
which  there  is  a  steep  descent  of  about  15  feet  from  the  level  of  the 
main  valley  plain  on  the  south.  The  canal  follows  the  margin  of  this 
plain  for  some  distance  southwesterly  as  it  recedes  from  the  river,  and 
is  gradually  brought  out  upon  the  surface  of  the  plain  about  3  miles 
below  its  head.  At  about  4  miles  below  its  head  the  distribution  of 
its  water  to  its  branches  commences.  The  diversion  of  water  from  the 
river  is  effected  at  low  stages  by  means  of  a  dam  of  brush  and  sand, 
which  is  annually  repaired  or  renewed  at  considerable  expense.  Until 
within  the  last  few  years  the  inflow  into  the  canal  was  controlled  by 
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two  regulators,  one  of  which  was  within  a  quarter  of  a  mile  of  the 
river  bank,  the  other  about  2  miles  below.  These  were  24  feet  in  width 
and  were  of  the  ordinary  culvert  type  with  vertically  sliding  gates. 

There  is  a  new  regulating  gate  now  in  service  within  several  hundred 
yards  of  the  head  of  the  canal.  This  is  a  massive,  well-built  structure, 
38  feet  wide  between  side  walls,  which  supports  an  earth  fill  about  2 
feet  thick,  serving  as  a  roadway  over  the  canal.  The  space  between 
side  walls  is  subdivided  by  10-by-lO-inch  i)osts  into  ten  bays  or  open- 
ings, each  of  which  is  closed  by  means  of  a  vertically  sliding  gate. 
Power  is  apx)lied  to  the  gate  stems  by  means  of  a  lever,  the  end  of 
which  engages  between  the  teeth  of  a  rack. 

The  canal  has  a  fall  of  only  about  one  half  foot  in  the  first  2  miles  of 
its  course.  The  elfective  fall  is  increased  somewhat  by  keeping  the 
brush  dam  at  a  good  height.  The  canal  as  originally  construc^ted  was 
24  feet  wide  on  the  bottom,  and  was  intended  to  carry  4  feet  of  water. 


Fio.  18.— H©jid  of  Peoplea  Canal,  on  KingH  River. 

Its  estimated  capacity  was  about  220  second-feet.  Below  the  second 
regulating  gate  the  width  of  the  canal  increases  to  30  feet,  and  the 
depth  of  water  to  be  carried  is  only  3  feet.  These  dimensions  are 
maintained  for  about  4  miles,  still  in  a  southwesterly  direction  and 
extending  well  into  the  northeastern  extremity  of  that  portion  of  the 
Kings  Eiver  delta  usually  referred  to  as  the  Mussel  Slough  country. 
The  canal  has  three  principal  branches:  West  Fork,  which  terminates 
near  Grangeville;  Middle  Fork,  which  passes  just  to  the  westward  of 
Hanford;  and  East  Foik,  which  passes  through  the  southern  portion 
of  Hanford  and  extends  to  points  4  miles  farther  south.  The  aggre- 
gate length  of  the  main  canal  and  its  principal  branches  is  about  37 
miles.  This  canal  was  constructed  by  the  Peoples  Ditch  Company  in 
1873  and  the  following  years.  The  first  notice  of  a  claim  to  water  was 
posted  late  in  1872.  The  company,  formed  by  settlers  who  wanted 
water  for  their  own  lands,  was  finally  incorporated  in  1873.  Its  capital 
stock,  originally  fixed  at  $10,000,  was  soon  increased  to  $35,000,  and 


64  IRRIGATION   NEAR   FRESNO,  CALIFORNIA.  [no.  18. 

later  to  $100,000.  The  first  cost  of  the  canal  was  about  $50,000  to 
$G0,000.  The  total  cost  of  canal  constraction  and  annual  expense, 
account  had  reached  $120,000  in  1881.  About  $4,000  to  $6,000  are 
annually  expended  on  the  dam.  The  total  annual  expenditure  for 
management,  maintenance,  and  repairs  is  about  $10,000. 

Of  the  100  shares  into  which  the  company's  capital  stock  is  divided 
about  one-third  have  reverted  to  the  corporation.  The  remaining 
shares  are  in  the  hands  of  irrigators,  to  whom  water  is  delivered  in 
amounts  proportional  to  their  holdings  of  stock.  The  stockholders  are 
permitted  to  sell  the  water  to  which  they  are  entitled  and  to  ask  for  its 
delivery  through  any  of  the  canal  branches.  Its  use  is  not  restricted 
to  any  particular  tract  of  land.  The  delivery  of  water  to  irrigators  is 
usually  through  gates  1  to  4  feet  wide.  It  is  discharged  under  pres- 
sure, the  endeavor  being  to  make  amounts  delivered  proportional  to 
stock  which  it  represents,  without  any  attempt  at  actual  measurement 
A  canal  superintendent,  with  necessary  assistants,  has  charge  of  the 
delivery  of  water.  Its  equitable  distribution  depends  largely  on  the 
judgment  of  the  canal  superintendent. 

During  the  years  1883  and  1884  the  experiment  was  tried  of  selling 
water  to  stockholders  at  $200  per  share  of  stock  per  year;  to  those  not 
holding  stock  an  equivalent  amount  at  $300  per  year;  but  it  did  not 
prove  satisfactory.  All  stockholders  are  assessed  to  meet  the  annual 
expenses.  The  area  of  land  actually  irrigated  or  benefited  by  the 
water  of  this  canal  is  about  25,000  acres. 

Mtissel  Slough  Ditch. — This  canal,  which  is  now  out  of  service,  took 
its  name  from  one  of  the  delta  channels  of  Kings  Eiver  which  has  been 
utilized  for  the  distribution  of  water.  The  canal,  unlike  the  other 
canals  of  the  Kings  Eiver  delta,  was  constructed  for  speculative  pur- 
poses. It  was  proposed  to  turn  a  large  volume  of  water  ft'om  the 
river  into  the  slough  and  to  derive  a  revenue  from  its  sale  to  irrigators. 
The  head  of  the  canal  was  on  the  south  side  of  Kings  Eiver,  about  7 
miles  below  the  head  of  the  Peoples  Ditch.  A  narrow  cut,  the  original 
bed  width  of  which  was  about  10  feet,  was  made  from  that  point  south- 
erly into  and  thence  southwesterly  along  the  upper  portion  of  the 
channel  of  Mussel  Slough.  The  bottom  of  this  cut  throughout  a  little 
more  than  a  mile  from  its  head  was  made  level,  being  at  an  elevation  a 
little  below  that  of  the  river  bed  at  the  head  of  the  canaL  The  up[)er 
portion  of  this  cut,  near  the  river,  is  over  14  feet  in  depth.  As  the 
canal  leaves  the  river  it  grows  wider,  and  at  about  3  miles  from  its 
head  the  natural  channel  of  Mussel  Slough  afforded  ample  capacity  for 
its  waters. 

Mussel  Slough  and  its  principal  branches.  Sand  Slough  and  Lone 
Oak  Slough,  have  a  general  southwesterly  course  through  the  delta 
lands,  passing  to  the  west  of  Handford  and  extending  to  the  high  wafer 
lino  of  Tiiljire  Lake. 

To  what  extent  the  canal  has  been  in  use  in  the  last  few  years  is  not 
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known.  It  is  now  oat  of  service,  and  was  not  in  nse  for  three  years 
preceding  1886.  Its  head  was  closed  with  an  embankment  of  earth  in 
1884,  beoanse  at  that  time  the  river  threatened  to  destroy  the  canal 
head  gate  and  canse  innndation  of  the  apper  and  central  portions  of 
the  delta. 

The  canal  head  gate  or  regulator  was  placed  in  the  deepest  portion 
of  the  cat,  near  the  bank  of  the  river.  It  was  made  24  feet  wide,  the 
space  between  its  walls  being  divided  into  a  nnmber  of  openings  by 
vertical  posts,  between  which  gates  slid  vertically.  The  structare 
had  the  asaal  apper  platform  loaded  with  earth,  making  a  roadway  20 
feet  wide.  Its  floor  length  was  40  feet.  Sheet  piling  8  feet  deep  was 
nsed  on  the  apper  floor  line  and  for  12  feet  under  each  wing;  sheet 
piling  was  also  driven  6  feet  deep  across  the  canal,  on  the  middle  line 
of  the  floor  and  at  its  lower  edge. 

Thronghoat  the  length  of  the  nataral  channels  utilized  for  the  water 
of  the  Mussel  Siough  Ditch,  check  weirs  or  gates  were  constructed  with 
which  to  hold  the  water  surface  at  or  above  the  surface  of  the  gronnd. 
Irrigation  was  to  be  accomplished  by  aubirrigation  on  a  large  scale. 
The  charge  for  water  ranged  from  31^  to  62^  cents  per  acre  per  year. 
There  was  little  or  no  restriction  as  to  the  amount  of  water  to  be  nsed 
by  individual  takers  of  water,  and  the  principal  duty  of  tbe  canal 
snperintenSent  seems  to  have  been  to  prevent  those  from  taking  water 
who  had  no  intention  of  paying  for  it. 

The  total  cost  of  the  canal  works  connected  therewith  was  about 
(50,000  to  $60,000. 

This  canal  was  constructed  in  1875.  Its  promoters  formed  a  corpora- 
tion with  a  capital  stock  fixed  at  $500,000,  divided  into  10.000  shares, 
all  of  which  remained  in  the  hands  of  a  few  persons.  The  canal 
capacity  was  about  200  to  300  second-feet. 

Lcutt  Chance  Ditch. — One  of  the  most  important  of  the  Kings  River 
delta  canals  is  the  Last  Chance  Ditch,  whose  head  is  on  the  south  side 
of  the  river  about  2J  miles  by  river  above  Kingston.  The  course  of 
the  canal  and  its  branches  is  southerly.  It  commands  a  district  3 
to  4  miles  wide,  extending  from  near  the  river  southerly  to  near  the 
high- water  line  of  Tulare  Lake.  Grangeville  lies  at  the  eastern  border 
of  this  district  and  Armona  well  within  it.  Lands  along  its  eastern 
border  are  commanded  jointly  by  this  canal  and  the  Peoples  Ditch.  A 
natural  cat  through  the  south  bank  of  the  river,  known  as  Leinber^er 
Slough,  has  been  utilized  for  the  head  of  the  canal.  This  slou^;;:!!  is 
really  one  of  the  lower  delta  channels  of  the  river.  The  can-il  is  cut 
from  its  south  bank  about  150  feet  from  the  river.  The  canal  regulator 
is  abont  800  feet  below  its  head.  The  water  entering  the  head  of  the 
slough  is  divided,  a  portion  flowing  down  the  natural  channel,  the  rest 
entering  the  head  of  the  Last  Chance  Ditch.  The  canal  has  a  bed 
width  of  25  feet,  and  was  designed  for  a  4foot  depth  of  water.  Its 
coarse  is  a  little  west  of  south  for  7  miles  to  a  point  half  a  mile  west  of 
IBE  18 5 
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GraageviUe,  where  it  is  divided  into  two  principal  branches.  One 
of  tbese  ban  a  southwesterly  coarse  and  at  the  end  of  3  miles  drops  its 
water  into  a  natural  channel  which  has  a  soatberly  course  and  connects 
with  Mussel  Slough.  The  other  branch  within  a  mile  is  a^ain  divided, 
forming  a  middle  and  an  eastern  branch,  both  of  which  trxtend  far 
toward  the  south.  These  main  branches  were  all  made  10  fei^t  wide  on 
the  bottom  aod  were  planned  to  carry  water  2  J  feet  deep.  The  gradient 
of  the  canal  in  about  I  foot  to  the  mile. 

The  original  canal  regulator,  which  was  in  service  from  1S74  to  1880, 
was  made  IS  feet  wide  between  side  walla  and  is  reported  to  have 
cost  $5,600.  It  was  replaced  by  a  second  oue,  20  feet  wide,  at  a  coot  of 
$3,000.  The  removal  of  sand  from  the  canals,  which  had  been  swept 
in  by  high  waters  daring  the  period  when  there  was  no  gat«  tit  the 
head  of  the  canal,  is  said  to  have  cost  $3,000.    The  regulator  is  of  the 
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ordinary  box  type.  From  a  floor  30  feet  wide  and  36  feet  long  (in 
the  direction  of  the  canal)  side  walls  lise  to  a  height  of  14  feet. 
Between  them  are  posts  which  support  a  platform  or  bridge  that  affonis 
convenientaccessto  the  gates.  The  gateposts  divide  the  space  between 
side  walls  into  six  openings,  each  of  which  is  closed  with  planking 
permanently  from  the  top  down  to  about  5  feet  from  the  floor.  The 
remaining  open  space  is  controlled  by  sliding  gatt-s  having  a  long  stem 
or  standard  to  which  power  is  applied  by  means  of  a  lever  engaging  in 
the  teeth  of  n  rack.  The  gateposts  are  braced  from  below.  Ixing 
wings  extend  diagonally  into  the  canal  banks  above  and  below  the 
gate.  The  upper  ones  are  14  feet  high;  the  lower  ones  abont  4  feet. 
Tongued  and  grooved  4-inch  sheet  piling  was  driven  10  feet  deep  along 
thenpi)er  edge  of  the  floor  and  under  rhe  upper  wings.  Along  both 
sides  of  the  Hoor,  across  the  canal  at  its  lower  end  and  well  ont  under 
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the  lower  wings,  34nch  tongaed  and  gi*ooved  sheet  piling  was  driven  8 
feet  deep.  Piles  were  driven  to  a  depth  of  12  feet  under  the  braces  to 
gateposts.  Floor  sills,  piles,  and  main  posts  were  8  by  8  inches;  side 
wall  posts,  4  by  8  inches.  The  floor  is  of  3-inch  planking,  covered  by 
1-inch  boards.  Side  walls  are  of  2-inch  material,  also  covered  with 
1-inch  boards.  Back  filling  was  selected  sand.  The  bed  of  the  canal 
below  the  gate  was  protected  by  a  layer  of  brush,  pinned  down  with 
stakes  6  to  8  feet  long. 

The  Last  Ohance  Ditch  was  constructed  in  1873  and  L874  by  a  com- 
pany known  as  the  Last  Chance  Water  Ditch  Company,  which  was 
organized  and  incorporated  by  the  farmers  to  whose  lauds  it  was  to 
supply  water.  The  original  30  shares  into  which  a  capital  stock  of 
$30,000  was  divided  were  a  few  years  later  increased  to  60  shares,  and 
the  capital  stock  was  also  doubled.  Only  about  two-thirds  of  these 
shares  are  in  the  hands  of  stockholders.  Until  1886  all  operating  and 
repair  expenses,  about  $4,000  per  year,  were  assessed  upon  the  stock- 
holders, and  water  was  delivered  to  these  without  charge  in  proportion 
to  amount  of  stock  owned  or  controlled.  Since  that  time  water  has 
been  charged  for  at  rates  fixed  annually,  generally  $1.50  per  acre,  in 
order  to  make  actual  users  of  water  bear  an  increased  portion  of  the 
canal  expenses. 

There  has  been  no  system  of  water  measurement  introduced.  Water 
is  delivered  to  irrigators  through  a  great  variety  of  gates;  generally, 
however,  through  openings  under  pressure.  A  canal  superintendent 
and  an  assistant  have  charge  of  its  distribution.  During  the  high- 
water  period  an  attendant  is  kept  constantly  at  the  head  gate.  The 
canal  ordinarily  flows  from  the  beginning  of  February  to  the  end  of 
July.    About  20,000  acres  of  land  are  dependent  upon  it  for  water. 

Lower  Kings  River  Canal, — This  is  another  south-side  canal  in  the 
Kings  Biver  delta.  Its  head  is  about  6  miles  below  Kingston.  Its 
course  is  southerly,  and  the  district  it  commands  lies  just  westward  of 
that  of  Last  Ohance  Ditch  and  has  Lemoore  in  its  center.  The  canal 
is  cut  southerly  from  the  river,  and  at  the  end  of  its  first  mile  reaches 
Leinberger  Slougb,  into  which  its  water  is  dropped.  It  is  reclaimed 
:&om  this  slough  less  than  half  a  mile  below  that  point,  and  thence  has 
a  southerly  course  to  within  about  3  miles  of  Lemoore.  Two  principal 
branches,  each  about  16  feet  wide  on  the  bottom,  extend  toward  the 
south  from  this  point.  Near  the  river  the  main  canal  crosses  high- water 
sloughs  fed  by  the  over-bank  flow  from  Kings  Biver.  These  natural 
channels  have  been  closed  by  dams  on  the  lower  or  west  side  of  the 
canal.  Their  water,  together  with  other  water  escaping  from  Kings 
Biver  above  the  head  of  this  canal,  is  received  by  the  canal  and  carried 
to  Leinberger  Slough.  At  the  point  where  the  canal  leaves  this  slough 
a  waste  way  260  feet  long  is  maintained,  through  which  surplus  waters 
are  discharged.  This  is  a  very  light  timber  structure,  which  is  reported 
to  have  rendered  good  service.    Some  years  ago  it  was  proposed  to 
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sapplement  it  with  a  second  waste  gate,  200  feet  long,  nearer  the  head 
of  the  canal.  The  main  canal  regulator  or  head  gate  has  been  set  close 
to  the  river  bank.  A  secondary  regalating  gate  is  just  below  the  Lein- 
berger  Slough  waste  gate.  Each  gate  is  about  40  feet  wide  between 
side  walls.  The  head  gate  is  arranged  similarly  to  that  described  for 
the  Last  Chance  Ditch.  The  main  canal  is  about  40  feet  wide.  It  was 
built  on  a  very  light  grade.  The  bottom  of  the  canal,  commencing  at 
the  same  elevation  as  the  river  bottom,  was  reported  level  throughout 
the  first  5  miles  of  its  course.  The  effective  gradient  slope  of  water 
surface  when  full  is  reported  at  4  inches  to  the  mile,  with  a  2^-foot  depth 

at  the  forks  of  the  canal. 
Work   on   this  canal  com- 
menced   in   1870.    Twenty- 
seven  persons  joined  in  an 
agreement  under  which  the 
canal  was  to  be  constructed, 
and    which    provided   that 
each  person  was  to  bear  a 
proportional  part  of  **all  ex- 
penses above''  his  ^< further 
boundary."    It  was  at  first 
made  18  feet  wide  on  the 
bottom  near  its  head,  and  10 
feet  wide  at  5  miles  below 
its  head.    It  was  enlarged  in 
1873.    The  first  head  gate 
was  constructed  in  1872  and 
is  reported  to  have  had  a 
width  of  18  feet.     It  was 
washed   out    the   following 
winter  and  was  at  once  re- 
placed  by    another,   which 
was  in  use  till  1876.     After 
this  second  regulating  gate 
was  swept  away  the  canal 
was  operated  without  an  upper  gate  until  1879,  when  the  third  regu- 
lator, 40  feet  wide,  was  built,  at  a  cost  of  about  $3,000. 

The  canal  was  built  and  is  owned  by  those  to  whom  it  supplies  water. 
Its  owners,  who  had  organized  as  a  company,  formed  a  corporatiou  in 
1873,  with  a  capital  stock  fixed  at  $30,0i»0,  in  100  shares^ 

The  water  in  the  canal  is  supposed  to  be  represented  by  those  shares 
of  stock  which  have  been  issued,  which  is  a  little  more  than  one-half 
of  the  full  number  of  shares  of  capital  stock.  It  is  sold  by  directors  of 
the  company,  but  only  to  the  extent  of  the  shares  which  have  been 
issued.  Each  of  these  represents  a  proportional  part  of  the  flow  of  the 
canal  until  such  part  exceeds  144  miner's  inches.     Water  in  excels  of 
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this  amoant  is  at  the  farther  disposal  of  the  company.  Stockholders 
are  preferred  purchasers  of  water  to  the  extent  of  the  shares  owned  by 
each,  and  provided  the  application  for  water  is  made  preceding  a  fixed 
date.  Each  share  of  stock  is  supposed  to  represent  sufficient  water  for 
320  acres.  The  aunual  cost  of  canal  management  and  repairs  is  about 
$1,500  to  12,000.  The  first  cost  of  the  canal  was  about  $30,000.  For 
a  number  of  years  after  organization  all  expenses  were  assessed  upon 
the  stockholders,  but,  this  proving  unsatisfactory,  the  plan  of  selling 
water  was  introduced,  with  good  result.  The  extent  of  irrigation  from 
this  canal  may  be  noted  at  about  10,000  acres. 

Bhoad^  Canal. — Lands  to  the  west  of  Lemoore  to  the  extent  of  3,000 
or  4,000  acres  are  dei>endent  in  large  measure  upon  the  flow  of  the 
Ehoads  Canal  for  irrigation  water.  This  canal  in  its  upper  section  has 
the  appearance  of  a  natural  high- water  channel.  From  a  point  on  the 
south  side  of  Kings  Eiver  about  1^  miles  below  the  head  of  the  Lower 
Kings  Biver  Canal,  this  channel  has  a  southwesterly  course  for  2  miles 
to  Carother  Slough.  It  is  known  as  Wrights  Cut,  and  is  claimed  to  be 
the  enlargement  of  a  small  ditch  constructed  many  years  ago.  The 
Bhoads  Canal  is  carried  southward  fi*om  the  termination  of  this  cut  at 
Carother  Slough  about  7  miles.  It  has  a  bottom  width  of  about  16 
feet  and  carries  water  about  2  feet  deep.  Water  is  taken  from  Carother 
Slough  so  long  as  the  slough  has  a  sufficient  flow;  thereafter  a  little 
work  is  done  at  the  head  of  Wrights  Cut  to  turn  more  water  from  the 
river  into  the  canal. 

The  canal  is  reported  to  have  been  in  use  since  1868.  It  replaced  a 
small  ditch,  about  5  feet  wide,  which  had  been  in  use  some  years  before. 
The  canal  belongs  to  a  number  of  farmers,  who  by  mutual  agreement 
apportion  its  water  and  expense  of  maintenance  among  themselves. 
There  is  no  regulator  at  the  head  of  the  canal.  Water  is  taken  by 
each  irrigator  as  he  may  require  it.  No  water  is  sold,  and  all  contribu- 
tions toward  expenses  of  maintenance  are  voluntary,  as  there  are  no 
means  of  enforcing  their  payment. 

There  are  times  when  much  more  water  flows  in  Wrights  Cut  than 
can  be  carried  by  the  lower  sections  of  the  canal.  The  surplus  reaches 
Green  Slough  through  Carother  Slough,  thence  Esrey  Slough  and 
other  natural  channels,  and  is  finally  reclaimed  for  the  irrigation  of 
lands  about  4  miles  southwest  of  Lemoore. 

Jacobs  Ganal. — This  is  a  private  high- water  canal,  constructed  about 
ten  years  ago  for  the  benefit  of  lands  along  the  northern  margin  of 
Tulare  Lake,  below  the  lake's  high-water  line.  Its  head  is  about  6 
miles  southwest  of  Lemoore. 

SUNSET  IBBIGATION  DISTBIOT. 

As  the  construction  of  the  works  for  this  district  has  not  commenced, 
a  brief  reference  to  the  district  and  its  proposed  source  of  supply  will 
suffice.  The  district  covers  the  lowest  portion  of  thewest  side  plain 
of  San  Joaquin  Valley,  extending  northward  from  the  southern  limit 
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of  Tulare  Lake  aboat  70  miles,  to  within  3  miles  of  Las  Juntas,  the 
point  where  Fresno  Slough  unites  with  San  Joaquin  River.  Its  width 
ranges  from  1  to  12  miles  and  its  area  is  about  363,500  acres.  The  dis- 
trict organization  was  completed  in  March,  1891.  After  estimates  of 
the  cost  of  works  necessary  for  its  irrigation  were  made,  a  bond  issue 
of  $2,000,000  was  voted.  Of  this  bond  issue  $250,000  were  paid  for 
water  rights,  reservoir  site,  and  rights  of  way. 

The  plan  of  irrigation  involves  the  construction  of  a  large  reservoir 
in  the  vicinity  of  Summit  Lake,  which  is  to  be  formed  by  the  constrac- 
tion  of  two  embankments  of  earth,  each  crossing  the  valley  trough 
from  east  to  west.  Water  is  to  be  supplied  to  this  reservoir  from 
Kings  River  by  way  of  Cole  Slough,  the  enlarged  Grant  Canal  (which 
is  to  be  used  in  common  with  the  owners  of  the  Grant),  and  a  canal 
extension  to  be  carried  firom  near  the  lower  end  of  the  Grant  Canal  in 
a  direction  a  little  south  of  west  across  the  North  Fork  of  Kings  River 
to  the  reservoir  site.  From  the  reservoir  there  is  to  be  a  canal  north- 
ward and  a  second  one  southward,  both  supplied  with  water  by  gravity 
flow  from  the  reservoir.  In  addition  to  these  two  low-level  canals 
there  are  to  be  eight  other  canals,  four  northward  and  four  southward, 
each  11  feet  higher  than  the  one  next  below,  and  each  to  be  supplied 
with  water  by  means  of  centrifugal  pumps  arranged  in  four  pumping 
stations. 

The  specifications  drawn  for  this  work  do  not  indicate  how  the  sev- 
enteen pumps  that  are  prescribed  are  to  be  apportioned  to  the  several 
pumping  stations.  The  pumps  are  each  to  have  a  capacity  of  100 
second-feet  raised  11  feet.  The  district  canals  are  to  be  of  sufficient 
size  and  length  to  carry  water  to  all  parts  of  the  district.  The  require- 
ments concerning  canal  dimensions  are  not  made  specific;  they  are  to 
be  suitable  to  the  service  required,  which,  it  appears,  remains  to  be 
determined  as  work  progresses.  The  aggregate  length  of  the  proposed 
district  canals  is  estimated  at  500  miles.  The  contract  for  the  construe- 
tion  of  the  canal  system  complete,  including  the  necessary  pumps, 
engines,  and  boilers,  has  been  let  for  $1,500,000,  and  the  same  person 
who  has  taken  this  contract  is  also  the  purchaser  of  the  bonds  of  the 
district.  It  is  distinctly  expressed  in  the  contract  that  m  case  the 
bonds  are  not  taken  the  contract  may,  at  the  option  of  the  district 
directors,  be  set  aside.  The  contract  was  made  several  years  ago,  and 
was  conditioned  upon  a  decision  by  the  Supreme  Court  of  the  United 
States  sustaining  the  irrigation-district  law.  This  having  been  ren- 
dered, it  is  understood  that  the  contractor  has  now  declared  his  readi- 
ness to  proceed  with  actual  construction  work. 
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THE    FRESNO   PLAINS. 
DESCEIPTION. 

The  main  canals  which  divert  water  from  the  north  side  of  Kings 
Eiver  at  or  near  the  upper  end  of  Genterville  Bottoms  and  command 
that  portion  of  the  San  Joaquin  Valley  plain  in  the  vicinity  of  Fresno, 
Selma,  and  Kingsbnrg  may  be  designated  the  Fresno  group  of  canals. 
These  canals  are  the  Kings  Kiver  &  Fresno  Oanal,  the  Fresno  Canal, 
the  Fowler  Switch  Canal,  and  theCenterville  &  Kingsburg  Canal, 
all  of  which  have  already  been  described.  Their  branches  extend 
throughout  an  area  of  nearly  400  square  miles,  which  before  canal 
construction  was  a  treeless,  sandy  plain.  It  was  almost  devoid  of 
natural  water  courses.  The  few  creeks  whose  periodical  flow  reached 
the  eastern  border  of  the  plain  to  the  north  of  Kings  Biver  were  soon 
lost,  and  there  was  no  sign  of  a  channel  beyond  their  <^  sinks.''  The 
natural  water  courses  in  the  eastern  portion  of  the  district  under  con- 
sideration, in  their  order  northward  from  Kings  River,  were  Burns 
Slough,  Kip  (Lone  Tree)  Slough,  Mud  Slough,  Mud  Creek,  Fancher 
(Fanshaw)  Creek,  Red  Bank  Creek,  Frolic  Creek,  and  Big  Creek.  Of 
these,  the  first  three  lie  to  the  south  of  the  point  of  the  mountain 
which  with  gentle  slope  extends  westward  on  the  north  side  of  Kings 
River  to  a  point  2  miles  north  of  Centerville.  Burns  Slough  is  a  tribu- 
tary of  Kip  Slough.  The  sink  of  Fancher  Creek,  now  a  fine  vineyard, 
is  about  4  miles  east  of  Fresno.  The  waters  of  Red  Bank  and  Frolic 
creeks,  after  uniting  in  one  channel,  spread  and  disappear  6  miles 
east  of  Fresno,  near  where  Temperance  Colony  has  been  established. 
The  sink  of  Big  Creek  is  several  miles  to  the  northwest  of  Fresno. 

Some  of  the  channels  of  these  creeks  have  been  made  part  of  the 
canal  system.  Portions  of  Burns  Slough  and  Big  Creek  are  utilized 
for  water  of  the  Kings  River  &  Fresno  Canal.  Other  portions  of 
Burns  Slough,  Kip  Slough,  Mud  Slough,  Mud  Creek,  and  Fancher 
Creek  are  now  the  main  channel  of  the  Fresno  Canal.  Lone  Tree 
Creek  is  an  important  distributary  of  the  water  of  the  Fresno  Canal. 
By  the  utilization  of  these  natural  water  courses  the  canals  are  made 
the  recipients  of  the  drainage  water  from  the  foothills,  and  are,  at 
time  of  considerable  rainfall,  taxed  beyond  their  capacity,  and  have 
repeatedly  in  the  last  few  years  inundated  parts  of  Fresno  and  vicinity. 
A  proper  drainage  system  in  this  locality  is  now  recognized  as  a  neces- 
sity, and  no  doubt  will  be  planned  and  executed  in  the  near  future. 
The  general  slope  of  the  Fresno  irrigated  region  is  from  northeast  to 
southwest,  at  the  rate  of  5  to  about  7  feet  to  the  mile.  The  surface 
of  the  country  for  the  most  part  is  very  smooth,  though  broad  belts 
of  hog-wallow  or  knolly  ground  are  occasionally  found.  The  knolls  of 
these  hog- wallow  belts  are  generally  1  to  2  feet  in  height,  rarely  as  high 
as  3  or  4  feet.    The  knolls  are  close  together,  and  diameters  at  the 
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base  of  from  20  to  40  feet  are  most  common.  Where  they  occur  the 
expense  of  preparing  land  for  irrigation  is  increased.  Except  where 
unusually  high  they  do  not  interfere  seriously  with  ordinary  farming 
operations  when  land  is  not  irrigated.  They  often  indicate  land  of 
inferior  quality,  hardpau  being  frequently  found  beneath  a  shallow 
layer  of  surface  soil. 

Near  Genterville  the  soil  of  the  upland  is  a  red  sandy  loam,  resting  on 
a  yellow  clay  hardpan,  which  is  usually  at  4  to  6  feet  below  the  surface. 
Hardpau  is  not  continuous;  it  disappears  frequently  at  about  one-half 
mile  from  the  margin  of  the  upland,  where  the  surface  soil  becomes 
lighter  and  more  sandy.  At  depths  of  10  feet  or  more  beds  of  cobble 
and  gravel  are  found,  which  in  proximity  to  the  low  river  bottoms  afford 
thorough  underdrainage  to  these  lands.  The  soil  is  very  productive. 
Ground  water  is  at  12  to  15  feet  below  the  surface. 

Westward  from  Genterville  toward  Fresno  the  soil  of  the  plains  is  a 
loamy  sand.  This  generally  rests  on  a  firm  clay  hardpan,  which  is  some- 
times impregnated  with  sand.  Soil  is  from  1  to  3  feet  deep.  At  the 
sinks  of  the  several  creeks  near  Fresno  the  soil  is  a  deep,  heavy,  red  loam, 
baking  on  the  surface  after  being  wet.  Where  a  hardpan  substratum 
is  encountered  at  all  it  is  at  10  to  30  feet  below  the  surface.  Westward 
from  the  immediate  vicinity  of  the  sinks  of  the  creeks  the  soil  is  a  loamy 
sand,  several  feet  deep,  resting  on  a  firm  clay  hardpan.  The  soil  far 
toward  the  southwest  merges  into  the  sandy  soils  of  the  alkali  belt 
which  skirts  the  edge  of  Fresno  Swamp,  and  these  in  turn  are  suc- 
ceeded by  the  rich  peaty  alluvium  of  the  swamp  lands.  To  the  south 
of  Fresno  the  sandy  soil  of  Fresno  and  Central  California  colonies 
changes  to  the  light  so-called  ash  of  Washington  Colony.  The  hardpan 
dips  farther  below  the  surface  toward  the  south,  and  there  are  points 
in  the  latter  colony  where  it  has  disappeared  altogether.  In  the  south- 
ern  and  southeastern  portion  of  the  region  commanded  by  this  canal 
system  sand  predominates.  The  surface  of  the  country  is  comparatively 
smooth,  though  occasionally  crossed  by  low  sand  ridges.  Firm  hard- 
pan,  partaking  of  the  nature  of  cemented  sand,  immediately  below  the 
surface  soil  is  rarely  found.  It  occurs  most  frequently  where  the  sur- 
face presents  the  peculiar  hog- wallow  appearance. 

The  rainfall  in  the  region  commanded  by  the  Fresno  Canal  system  is 
greatest  near  the  base  of  the  foothills.  It  decreases  from  there  toward 
the  west.  At  Centerville  the  average  fall  of  rain  is  about  16  inches, 
while  at  Fresno  and  Kiugsburg  it  is  9  inches.  The  average  fall  at 
Firebaugh,  30  miles  to  the  west,  in  the  trough  of  the  valley,  is  about 
two-thirds  of  that  at  Fresno.  For  the  irrigated  region  near  Fresno  the 
mean  annual  fall  of  rain  may  be  noted  at  about  9  to  10  inches.  When 
this  amount  of  rain  falls  at  the  proper  time  it  is  sufficient  to  insure  fair 
crops  of  grain.  Throughout  a  large  part  of  the  region  rainfall  is  relied 
upon  to  produce  a  crop,  and  irrigation  of  grain  is  resorted  to  only  when 
an  unusually  dry  spring  threatens  the  destruction  of  a  growing  crop. 
The  products  which  can  not  be  raised  without  irrigation  are  alfalfa, 


QBOiraKY.]  FRESNO   CANAL   SYSTEM.  73 

grapes,  fruits  of  all  kinds,  including  citrus  fruits,  com,  melons,  etc. 
Two  of  the  canals  irrigating  lands  near  Fresno  have  a  perennial  flow; 
the  others  divert  water  only  during  medium  and  high  stages  of  the 
river,  generally  irom  January  to  August,  inclusive.  The  aggregate 
capacity  of  the  four  canals  already  enumerated  is  about  1,550  second- 
feet.  None  of  them,  however,  flow  for  long  periods  at  their  maximum 
capacity.  The  demand  for  water  is,  fortunately,  greatest  at  the  time 
when  the  flow  of  the  river  is  greatest,  during  spring  and  the  early  part 
of  summer. 

THE   CANAL   SYSTEM. 

All  of  the  canals  of  the  Fresno  system  take  water  from  Kings  River 
above  Genterville.  Each  of  them  is  out  upon  the  upland  before  passing 
that  village.    Such  duplication  of  canal  work  seems  unnecessary. 

Each  of  these  canals  was  constructed  for  the  purpose  of  supplying 
water  to  some  particular  point  or  place  of  use;  thus,  the  Fresno  Canal 
to  irrigate  lands  in  the  immediate  vicinity  of  Fresno,  the  Kings  Hiver 
&  Fresno  Canal  to  irrigate  a  strip  of  land  just  north  of  the  Fresno 
Canal,  the  Centerville  &  Kingsburg  Canal  to  irrigate  lands  near 
Selma,  and  the  Fowler  Switch  Canal  to  supply  water  to  the  vicinity  of 
Fowler  and  lands  westward  from  that  point.  By  reason  of  such  special 
requirement  in  each  case,  each  canal  received  an  alignment  as  direct 
as  possible  from  the  proposed  source  of  water  to  the  point  of  delivery. 
The  main  canals  were  therefore  constructed  without  attem]it  to  hold 
them  to  any  uniform  grade.  They  have  alignments  in  the  direction  of 
the  greatest  fall  of  the  country,  and  generally,  when  their  grade  is 
excessive,  check  weirs  are  used  to  prevent  erosion.  The  flow  of  water 
in  the  Kings  River  &  Fresno  Canal  and  in  the  Centerville  &  Kings- 
burg Canal  is  thus  regulated.  The  regulation  in  the  case  of  the  Fresno 
and  the  Fowler  Switch  canals  is  only  partial.  The  water  of  the  former 
of  these  canals  in  Fancher  Creek  is  generally  8  to  15  feet  below  the 
surface  of  the  ground,  its  elevation  being  uncontrolled  by  structures. 

The  Fowler  Switch  Canal  was  constructed  on  a  very  irregular  grade 
line.  Its  grade,  when  possible,  was  placed  at  1.92  feet  to  the  mile, 
which  was  established  as  the  minimum  gradient.  At  some  points, 
however,  the  grade  was  no  less  than  12  feet  to  the  mile  for  short  dis- 
tances. The  dimensions  of  the  canal  were  calculated  on  a  basis  of  a 
fall  of  1.92  feet  to  the  mile,  and  were  not  modified  for  heavier  grades. 
Consequently,  canal  dimensions  where  this  grade  was  exceeded  are 
excessive.  The  canal  was  originally  constructed  without  structures, 
either  for  the  regulation  of  its  flow  or  to  facilitate  diversion.  Rapid 
erosion  at  once  commenced  where  the  canal  bed  was  not  in  very  firm 
material,  and  after  a  short  experience  a  limited  number  of  check  weirs 
were  put  into  it  at  the  x>oint8  where  most  required.  The  structures  in 
this  and  in  the  other  canals  of  the  district  are  very  light  timber  affairs, 
but  generally  well  adapted  for  the  purpose  which  they  are  to  serve. 

In  view  of  the  fact  that  the  irrigation  of  this  region  has  in  the  past 
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caased  a  rise  of  the  ground-water  plane,  and  that  it  will  continae  to 
influence  its  elevation,  the  question  whether  water  has  been  or  is  being 
lost  by  the  apparent  duplication  of  canals  remains  an  open  one.  Cer- 
tain it  is  that  were  all  wjiter  drawn  from  the  river  in  one  main  canal  it 
would  still  be  necessary  for  branch  canals  to  extend  to  every  portion 
of  the  irrigated  region.  The  ground  water  would  be  expected  to  rise 
equally  as  rapidly  as  at  present,  and  the  only  marked  saving  of  water 
would  result  from  the  exposure  of  a  decreased  surface  area  of  flowing 
water  to  evaporation,  and,  in  this  special  case,  from  a  possible  reduc- 
tion of  the  flow  of  water  from  the  main  canal  through  subsoils  back 
into  Centerville  Bottoms. 

LOSS  OF  WATER  BY  EVAPORATION   AND   SEEPAGE. 

The  loss  by  evaporation,  when  expressed  in  second-feet,  is  small  for 
any  of  the  canals  of  the  Fresno  system  when  compared  with  their  capa- 
city or  with  the  total  loss  by  iuflltration  into  subsoils.  The  State  engi- 
neering department  made  experiments  to  determine  the  rate  of  evap- 
oration in  this  vicinity.  The  observations  were  extended  through  a 
four-year  period  at  Kingsburg.'  The  greatest  total  monthly  evapora- 
tion during  the  four  years  1881  to  1885  occurred  in  August,  1883.  The 
amount  of  water  evaporated  in  that  month  from  an  open  sheet  of  water 
was  equivalent  to  a  depth  of  0.945  foot.  At  this  extreme  rate  per  month 
the  loss  by  evaporation  from  the  surface  of  the  Fresno  Canal  through- 
out the  24.5  miles  of  its  length,  if  the  canal  be  considered  60  feet  in 
average  width  (which  aHows  ample  margin  for  wet  banks),  would  have 
been  equivalent  to  a  continuous  flow  of  2.8  second-feet. 

To  determine  the  amount  of  water  which  sinks  into  the  subsoils  from 
the  canals  of  this  region,  measurements  of  their  flow  were  made  in  the 
summer  of  1882  by  the  writer,  then  assistant  State  engineer.  The 
results  will  be  found  on  pages  76  and  77,  in  tabular  form.  For  the 
better  understanding  of  the  results  presented  in  the  tables  it  is  nece-^ 
sary  to  refer  briefly  to  the  character  of  the  several  canals  and  ditches 
whose  flow  was  at  that  time  measured. 

The  Kings  River  &  Fresno  Canal  at  its  head  cuts  at  once  into  the 
upland  to  the  north  of  Centerville  Bottoms.  For  a  long  distance  it  is 
nearly  parallel  and  sometimes  very  close  to  the  Fresno  Canal,  with  a 
water  surface  at  a  higher  elevation  than  that  of  the  latter.  At  many 
points  the  canal  carries  its  water  above  the  surface  of  the  adjacent  plain. 
Ponds  and  swamps  were  kept  full  of  water  which  the  canal  lost  by  per- 
colation. The  canal,  throughout  the  last  few  miles  of  its  first  12,  lies  in 
a  good  channel  with  hard  pan  bed.  The  loss  of  water  in  the  upper  12 
miles  was  at  the  rate  of  3.77  second-feet  per  mile.  In  1882  the  section 
of  the  canal  below  Red  Bank  Creek  was  poorly  maintained.  Water 
was  allowed  to  spread  out  in  ponds,  and  a  former  channel  lying  parallel 
to  the  present  canal,  and  generally  very  close  to  it,  frequently  carried 
part  of  the  canal  waters.    No  lands  on  this  section  of  the  canal  were 
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irrigated  close  by  tbe  main  canal.  Ground  water  was  at  20  feet  or  more. 
An  indarated  clay  hardpan  lies  below  the  surface  soil  along  this  por- 
tion of  the  canal.  Here,  throughout  4.76  miles  in  length  of  the  canal, 
the  average  loss  by  percolation  was  3.45  second-feet  per  mile,  a  trifle 
less  than  in  the  12  miles  above.  In  the  next  section  of  the  canal  copious 
irrigation  of  lands  close  by  the  canal,  particularly  on  its  south  side,  had 
been  practiced  for  several  years  preceding  the  experiments.  The  soil 
is  a  light  sandy  loam,  with  ground  water  at  7  to  14  feet  below  the  sur- 
face. The  water  surface  of  the  canal  was  carried  at  about  the  elevation 
of  the  ground.  The  land  is  very  smooth ;  no  high  levees  are  necessary 
to  hold  water  in  its  channel.  The  canal  is  of  uniform  dimensions  and 
character,  and  is  better  maintained  than  at  x>oints  above.  These  cir- 
cumstances all  combined  to  reduce  the  loss  by  percolation,  which,  for 
3.55  miles,  was  found  to  be  1.25  second-feet  per  mile.  Evaporation  at 
the  maximum  rate  above  noted  would  have  caused  a  total  loss  from  the 
20  miles  of  the  main  Kings  River  &  Fresno  Canal  under  consideration 
of  a  little  more  than  1  second-foot,  equivalent  to  a  loss  of  0.04  second- 
foot  per  mile  in  length  of  the  canal. 

The  water  of  the  Fresno  Canal  flows  in  natural  channels  throughout 
nearly  all  of  the  first  19  miles  of  its  course.  It  lies  in  Centerville 
Bottoms  for  a  mile,  then,  after  passing  through  Long  Cut,  is  carried 
along  sloughs  and  depressions,  frequently  with  a  levee  only  on  one 
bank.  Willows,  reeds,  and  grasses  grow  in  the  water  and  on  the  banks 
of  the  canal  in  that  locality.  In  Mud  Creek  and  Fancher  Creek  the 
canal  water  flows  in  the  bottom  of  a  narrow,  deep  channel.  At  the  time 
of  making  the  experiments,  in  June,  1882,  there  were  95.51  aecond-feet 
lost  from  the  canal  in  the  first  llj  miles  of  its  course  below  the  point 
where  it  leaves  the  river  bottoms.  The  loss  of  water  waa  at  the  rate 
of  8.49  second-feet  per  mile. 

The  ground-water  plane  was  quite  close  to  the  surface  of  the  ground 
near  the  Fresno  Canal  in  its  next  section,  from  the  Limbaugh  dam  (the 
head  of  the  Fresno  Mill  Ditch)  to  the  head  of  the  Washington  Colony 
branch,  a  distance  of  7  miles,  throughout  which  the  total  loss  by  per- 
colation was  only  5.20  second-feet,  or  0.74  second-foot  per  mile.  Here 
the  depth  to  ground  water  ranged  only  from  4  to  10  feet,  and  the  surface 
soil  and  the  subsoils  were  kept  saturated  by  water  diverted  for  irriga- 
tion. The  canal  lies  in  a  natural  channel.  Its  water  surface  is  gen- 
erally 2  to  4  feet  below  the  surface  of  the  ground.  From  the  head  of 
the  Washington  Colony  brancb  the  main  canal  flows  for  4  miles  iu  an 
artificial  channel  of  uniform  dimensions.  Water  is  carried  at  about 
the  elevation  of  the  surface  of  the  ground.  The  lands  adjacent  to  this 
part  of  the  Fresno  Canal  were  practically  unirrigated  in  1882.  Ground 
water  was  not  so  near  the  surface  as  in  the  preceding  canal  section. 
The  total  loss  in  this  section  of  the  main  canal  was  found  to  be  3.81 
second-feet,  or  0.95  second  foot  per  mile. 

The  Centerville  &  Kingsburg  Canal,  for  about  8  miles  after  it  is  out 
upon  the  surface  of  the  upland,  has  a  course  nearly  parallel  to  the 
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edge  of  the  blaflf  from  upland  to  the  river  bottoms,  and  less  than  half 
a  mile  distant  from  it.  For  several  miles  the  canal  is  within  several 
hundred  yards  of  the  edge  of  the  descent  to  the  bottoms,  which  lie  20 
to  30  feet  below  the  sarface  of  the  upland.  This  location  in  porous 
soils  and  subsoils  causes  great  loss  of  water  by  percolation.  Nearly 
86  second-feet  were  lost  by  the  canal  in  less  than  6  miles,  and  in  its 
seventh  mile  the  canal  lost  52  second-feet.  This  last  result  is  based  on 
measurements  of  the  flow  of  water  over  two  weirs  1  mile  apart,  appar- 
ently in  good  condition.  The  average  loss  per  mile  from  the  canal  in 
tbe  5^  miles  of  the  upper  section  examined  was  15.63  second-feet. 

Lo99  ofwaUrfrw^  the  Kingi  Biver  4"  Frf$no  Canal. 


Nftme  of  c«nal  or  ditch,  and  looality. 


K.  R.  <&  F.  C,  one-half  mile  below  head 

Bums  Diteh 

Hansen  Ditch 

Fancher  Creek  (wastage) , 

Ditch  on  south  side 

Do 

K.R.4&  F.C.at  Hawkins  Weir 

Wastage 

Ditoh  on  south  side 

E.  R.  &  F.  C.  in  Bed  Bank  Creek  Flume. 

Dog  Creek  (wastage) 

Ditch  on  north  side 

Eggers  Ditch 

K.  R.  &  F.  Cat  Eggers  Weir 

K.  R.  &  F.  C,  west  line  of  section  17. ... 

Ditch  on  south  side 

Scandinavian  Colony  Ditch 

E.  R.  &  F.  C.  at  upper  Scand.  Col.  Weir  , 

Scandinavian  Colony  Ditch 

Do 

Do 

Do 

Do 

E.  R.  &  F.  C,  lower  Scand.  Col.  Weir  . . . 

Big  Creek  (wastage) 

Wastage 

Ditch  on  north  side 

Cooper  ^  Helm  Ditch 

E.  R.  &  F.  C.  at  Cooper  Weir 


Distance 
below 

head  of 
eaoal, 

in  miles. 


0. 
1. 
4. 
8. 
8. 
9. 
9. 


50 
00 
00 
00 
00 
00 
00 


11. 
12. 
13. 
16. 
16. 
16. 
17. 
17. 
18. 
18. 
18. 
18. 
18. 
18. 
18. 
19. 
19. 


50 
00 
25 
00 
75 
75 
75 
80 
25 
25 
35 
50 
60 
70 
80 
00 
25 


Discharge,  in 
seoond-roet. 


19. 
20. 
20. 


75 
25 
30 


Main 
canal. 


133.83 


» 78. 18 


80.40 


55.72 
>49.56 


»36.74 


25.51 


11.73 


Diverted. 


0.25 
3.23 

.30 
4.05 

.05 


.15 
2.04 


.15 
3.36 
4.67 


3.08 
3.86 


1.46 
2.42 
1.00 
2.39 
14.50 


1.50 
.20 
.43 

8.71 


Loss  between 
stations,  in 
seoond-feet. 


Total. 


Per 
mile. 


^43.36 


3.71 


>16.50 


3.48 


>  4.44 


1.25 


'  Approximate. 
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Lobs  of  water  from  the  Fresno  Canal, 


Xame  of  canal  or  ditch,  and  locality. 


Fresno  Canal  at  Road  Bridge 

Centerville  Branch 

Lone  Tree  Branch 

Ditch  on  south  side 

Limbaugh  Dam  Ditch 

Fresno  Canal  at  Limbaugh  Dam 

Briggs  Canal 

Eisen  Canal 

Fresno  Canal  at  Hobler  Dam 

Easterby  Ditch 

Malters  Ditch  (north) 

Malters  Ditch  (central) 

Washington  Colony  Branch 

Fresno  Canal  at  head  of  Wash.  Col.  Branch 

Fresno  Colony  Canal 

North  Central  Colony  Canal 

Main  Central  Colony  Canal 


Distance 

belov 

head  of 

canal, 

in  milee. 


L25 
1.75 
3.25 
5.00 
12.50 
12.50 
14.00 
14.00 
14.00 
17. 25 
19.00 
19.00 
19.50 
19.50 
23.50 
23.50 
23.50 


Discharge,  in 
aeoond-feet. 


Main 
canal. 


381.00 


139.08 


107.88 


60.40 


28.16 


Diverted. 


17.80 

69.39 

.50 

58.72 


.30 
14.09 


5.60 

6.30 

L69 

45.50 


14.15 
13.88 


Loas  between 
statione,  in 
aeoond-feet. 


Total. 


Per 
mile. 


95.51 


5.20 


3.81 


8.49 


.74 


.95 


Loss  of  water  from  the  Centerville  ^  Kingsburg  Canal, 


C.  &■  K.  Canal,  one-half  mile  below  head 

Ditch  on  west  side 

0.60 
5.50 
5.75 
6.00 
7.00 
7.00 

346.00 

251. 00 
172.00 

5.06 
4.00 

26.65 

^.94 
52.35 

15.63 

Do 

C.  &,  K.  Canal  at  weir,  in  sec.  23 

Garfield  Canal 

52.35 

C.  &,  K.  Canal  at  weir,  in  sec.  26 

Other  examples  of  the  loss  of  water  from  smaller  ditches  by  percola- 
tion into  the  sabsoil  are  the  following: 

On  June  21, 1882,  water  was  being  used  for  the  irrigation  of  a  vine- 
yard in  Scandinavian  Oolony.  The  water  was  diverted  from  the  main 
supply  canal  into  a  small  ditch  about  2  feet  wide.  It  was  conducted 
past  alfalfa  fields  and  vineyard  lands  a  dist.ance  of  one-half  mile  to  the 
point  where  it  was  being  used  for  irrigation.  The  soil  crossed  by  the 
ditch  is  a  sandy  loam,  with  ground  water  at  8  feet  below  the  surface. 
Water  was  measured  at  the  point  of  diversion  and  at  the  point  of 
delivery  in  exactly  the  same  way,  over  small  overfall  weirs.  The 
amount  diverted  was  1.70  second-feet,  and  the  loss  in  transit  0.79 
second-foot. 
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Oa  June  14, 1882,  the  orchard  of  the  Gould  Ranch  north  of  Fresno 
was  being  irrigated.  The  water  used  for  this  purpose  was  flowing  in  a 
ditch  having  an  average  width  of  3  feet.  One  mile  above  the  point 
where  the  water  was  being  used  the  discharge  of  the  ditch  was  2.41 
second-feet.  The  loss  by  percolation  before  reaching  the  point  of  deliv- 
ery was  1.42  second-feet.  Shade  trees  were  growing  along  portions  of 
the  ditch,  and  its  banks  were  overgrown  with  grass.  The  ditch  had 
been  in  use  several  years.  The  soil  through  which  it  flows  is  a  saady 
loam  5  to  8  feet  deep. 

On  June  26, 1882,  a  ditch  which  leaves  the  Fresno  Canal  at  a  point 
about  4  miles  east  of  Fresno  was  carrying  5.60  second-feet  near  its 
head.  One  mile  below  it  was  receiving  0.03  second-foot,  and  at  other 
points  0.64  second-foot;  its  flow  4  miles  below  its  head  was  only  1.89 
second-feet;  it  had  lost  4.38  second-feet.  This  ditch  has  an  average 
width  of  about  8  feet.  It  carried  its  water  at  or  a  trifle  above  the  level 
of  the  ground's  surface. 

EFFECT  OF  IRRIGATION  ON  THE  WATER  TABLE. 

In  no  other  irrigated  region  in  California  is  the  eflect  of  irrigation  on 
the  elevation  of  the  water  table  so  plainly  apparent  as  in  the  vicinity 
of  Fresno.  Here,  notwithstanding  the  6  feet  per  nule  slope  of  the  sur- 
face of  the  country,  the  subsoils  have  been  and  are  being  gradually  sat- 
urated with  water.  When  irrigation  commenced  the  loss  of  water  from 
canals  in  transit  to  lands  to  be  irrigated  was  very  great,  and  after 
reaching  its  destination  it  was  found  that  frequently  enough  water  was 
put  upon  the  surface  of  individual  small  tracts  of  land  to  have  covered 
them  to  an  average  depth  of  15  to  20  feet  in  a  season.  Most  of  this 
water  found  its  way  into  subsoils,  together  with  the  direct  loss  of  water 
from  the  canals.  When  the  flrst  wells  were  dug  at  Centerville  water 
was  found  at  about  20  feet.  It  is  now  at  10  to  15  feet  below  the  sur- 
face, and  will  probably  not  rise  much  higher  on  account  of  ample 
drainage  of  subsoils  and  a  comparatively  free  subsurface  flow  toward 
the  low  river  bottoms. 

Along  Fancher  Creek,  where  the  creek  is  used  as  a  canal,  ground 
water  was  formerly  at  50  to  75  feet  below  the  surface;  it  is  now  at  12 
to  20  feet  along  the  upper  portion  of  the  creek,  and  still  nearer  the 
suri'ace  near  the  former  sink  of  the  creek,  about  4  miles  east  of  Fresno. 
In  the  Eisen  vineyard,  5  miles  east  of  Fresno,  ground  water  is  at  4  to 
6  feet  below  the  surface,  and  drain  ditches  have  been  constructed 
to  prevent  a  further  rise.  Ground  water  is  found  at  4  feet  below  the 
surface  in  many  parts  of  Temperance  Colony,  Nevada  Colony,  and 
Fresno  and  Central  colonies.  Throughout  a  considerable  area  ne^r 
Fresno  its  surface  is  nowhere  more  than  16  feet  below  ground,  though 
before  irrigation  commenced  depth  to  water  was  60  feet.  Cellars  which 
were  in  use  until  1884  in  Fresno  have  been  condemned  because  gronnd 
water  made  its  appearance  in  them.     Near  Selma  and  Eangsborg 
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ground  water  was  formerly  foand  at  about  30  feet.  It  is  now  at  about 
15  feet.  The  so-called  ''Sand  Hollow/'  which  is  a  depression  100  yards 
to  one-fourth  of  a  mile  wide,  12  miles  long,  and  about  16  feet  deep, 
having  a  southerly  course  and  passing  about  midway .  between  Selma 
and  Kingsburg,  was  formerly  as  dry  as  the  surrounding  plain.  About 
1880  the  soil  in  its  bed  was  found  to  require  less  moisture  to  produce 
crops  than  the  adjacent  plain ;  in  1885  water  appeared  at  the  lowest 
points  of  the  bed,  and  in  June  of  that  year  it  had  risen  to  the  heads 
of  ripening  grain.  Spots  of  black  alkali  now  mar  its  bed  and  sides, 
which  before  were  a  light  sand,  apparently  free  from  any  excess  of 
alkaline  salts. 

Near  Sanders  and  at  points  eastward  from  there  toward  Kings 
Eiver  ground  water  was  at  50  to  60  feet  before  irrigation  commenced; 
it  is  now  at  20  to  30  feet.  Here,  as  in  the  case  of  Oenterville,  prox- 
imity to  the  river,  which  lies  60  feet  below  the  surface  of  the  plain, 
may  interfere  with  a  much  greater  rise  of  the  ground-water  plane. 

In  connection  with  this  change  in  the  elevation  of  the  ground-water 
plane,  it  must  be  remembered  that  the  effect  of  irrigation  extends  far 
beyond  the  points  now  under  ditch.  Owing  to  the  slope  of  its  surface 
and  consequent  hydrostatic  pressure,  ground  water  has  a  slow  but 
certain  motion  westward  through  pervious  subsoils  of  tlie  Fresno 
region,  and  may  therefore  ultimately  contribute  more  or  less  toward 
the  flow  of  Fresno  Slough  and  San  Joaquin  Biver. 

METHODS  OF  IBBIGATINa  AND  DUTY   OF  WATER. 

At  the  time  irrigation  commenced  near  Fresno  the  soils  and  subsoils 
were  dry;  depth  to  ground  water  was  30  to  60  feet.  The  ground  was 
porous,  generally  sandy,  sometimes  very  hard  on  the  surface.  When 
wet  it  was  converted  into  a  bog.  Water  passed  through  it  readily  into 
the  lower  strata.  Thorough  wetting  compacted  the  soil,  and  it  was  less 
liable  to  conversion  into  slush  after  the  first  and  second  wettings  than 
before.  It  settled,  as  a  result  of  the  first  wetting,  about  8  inches  to  1 
foot,  on  an  average.  Sometimes  the  full  supply  of  a  ditch  would  flow 
for  hours  into  a  hole  formed  by  the  breaking  in  of  the  surface.  Cavi- 
ties 20  feet  in  diameter  and  6  to  10  feet  deep  were  occasionally  formed 
in  this  way,  and  had  to  be  refilled  after  the  first  wetting.  The  stability 
of  buildings  was  In  danger  when  water  was  first  brought  near  them. 
It  is  not  surprising,  under  these  circumstances,  that  when  irrigation 
commenced  in  this  region  sometimes  enough  water  was  run  on  small 
areas  at  one  irrigation  to  have  covered  them  5  feet  in  depth,  and  that 
enough  water  was  delivered  to  some  of  the  20-acre  colony  lots  south  of 
Fresno  to  have  covered  them  to  an  average  depth  of  20  feet.  After 
irrigation  was  practiced  for  a  time  the  soils  became  more  compact, 
absorbed  water  less  rapidly,  and  a  smaller  amount  of  water  i)a8sed 
into  subsoils.  At  i)resent  the  ground  water  near  Fresno  is  so  near  the 
surface  that  the  roots  of  alfalfa,  vines,  and  trees  readily  penetrate  to 
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it  and  soils  are  kept  moist  by  the  water  rising  from  below.    Surface 
wetting  has  become  unnecessary  in  many  sections. 

Where  land  is  held  in  tracts  of  20  to  40  acres,  as  in  the  colonies  near 
Fresno,  the  subdivisions  of  alfalfa,  vineyard,  orchard,  etc.,  are  small 
The  individual  irrigator  has  but  a  small  area  of  soil  to  moisten  and, 
because  many  irrigators  in  his  neighborhood  necessarily  require  water 
at  the  same  time,  he  can  probably  command  but  a  small  flow  with  which 
to  accomplish  his  irrigation;  consequently  be  devotes  more  than 
ordinary  care  to  the  preparation  of  his  land,  and  if  the  duty  of  water 
is  not  so  high  on  his  lands  as  it  ought  to  be  the  good  will  of  the  irri- 
gator is  not  at  fault. 

The  subdivision  of  land  holdings  into  small  tracts  and  the  greedy 
absorption  of  water  at  the  outset  by  the  dry  soil  of  the  Fresno  plains 
were  the  prime  factors  which  have  controlled  methods  of  irrigation. 
That  which  most  frequently  found  favor  was  flooding  in  small  checks 
whose  surface  had  been  made  perfectly  level,  it  being  extremely  desir- 
able to  quickly  cover  the  whole  surface  to  be  wet  with  a  thin  sheet  of 
water.  Drainage  appeared  unnecessary,  as  all  surplus  water  delivered 
into  a  check  rapidly  sank  into  the  ground. 

The  area  of  these  level  checks  generally  ranges  from  one-quarter  of 
an  acre  to  2  acres.  They  are  nearly  always  made  rectangular.  In 
alfalfa  fields  the  levees  inclosing  them  are  often  made  so  flat  and  low 
that  farming  implements  can  pass  over  them.  Their  position  is  adapted 
to  the  configuration  of  the  country,  in  order  to  make  the  work  of  level- 
ing as  small  as  possible.  Irrigation  ditches  are  so  arranged  that  there 
is  an  inlet  from  a  ditch  into  each  check.  No  drains  are  provided.  All 
surplus  water  entering  a  check  is  allowed  to  sink  into  the  soil.  The 
cost  of  preparing  land  in  this  way  has  been  variously  stated  by  the 
irrigators  at  from  $15  to  $50  per  acre. 

Water  is  admitted  into  the  several  checks  through  small  gates,  or 
occasionally  through  small  sluice  boxes,  generally  constructed  of  1-iuch 
redwood.  Water  in  the  irrigating  ditches  is  controlled  by  meana  of 
small  gates  closed  by  loose  boards  moving  easily  in  vertical  grooves. 
Sometimes  a  notched  board  is  set  across  the  ditch,  so  arranged  that  the 
notch  can  be  closed  by  means  of  a  board  upon  either  side  of  the  notch. 

The  system  of  flooding  in  checks  formed  by  contour  levees,  which  has 
found  much  favor  with  Kern  Eiver  irrigators,  is  in  use  only  for  the 
irrigation  of  large  tracts  of  alfalfa,  but  where  used  in  the  vicinity  of 
Fresno  the  area  of  the  checks  is  kept  small,  rarely  exceeding  in  any 
case  3  or  4  acres,  whereas  in  the  Kern  Eiver  country  the  area  of  a 
single  check  frequently  exceeds  10  acres.  Oontour  levees  are  lower 
for  checks  of  smaller  area.  The  expense  of  ground  preparation  is 
greater,  but  irrigation  is  more  economical,  as  with  small  checks  much 
time  and  water  are  saved.  The  contour  levees  usually  follow  closely 
4-to-6-inch  contour  lines.  Soils  are  so  porous  that  irrigation  in  each 
check  is  complete  when  water  has  been  made  to  cover  its  whole  area, 
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otherwise  there  is  no  deviation  from  the  ordinary  practice  of  irrigation 
in  contoar  checks. 

A  third  system  of  flooding  is  sometimes  practiced,  thongh  it  has  not 
found  general  favor.  It  is  that  of  flooding  the  surface  with  water  from 
small  ditches  which  are  carried  along  the  tops  of  ridges,  or  very  nearly 
on  contour  lines.  The  water  of  these  is  made  to  overflow  one  or  both 
banks,  and  as  the  thin  sheet  of  water  flows  over  the  surface  it  is  guided 
and  to  some  extent  controlled  by  attendants.  Unless  the  ground  is 
very  knolly  this  system  requires  but  little  preparation,  except  the  con- 
struction of  the  irrigating  ditches,  but  the  application  of  water  is 
attended  with  much  greater  expense  than  under  the  preceding  systems. 
It  has  been  in  use  for  trees  and  vines  as  well  as  for  alfalfa. 

The  furrow  method  of  irrigation  is  growing  in  favor.  It  is  practiced 
in  many  ways,  according  to  conditions  of  surface  slope  and  crops  to  be 
irrigated.  When  water  is  to  be  supplied  to  the  surface  of  grain  land 
in  large  areas  it  is  generally  done  by  the  furrow  method.  Distributing 
ditches  supply  water  to  plow  furrows  or  to  small  temporary  ditches 
which  are  placed  so  close  together  that  water  can  readily  permeate  the 
surface  soil,  particularly  that  portion  of  it  which  has  been  loosened  by 
the  plow.  The  furrows  may  be  run  on  or  near  contour  lines ^  they  may 
be  run  in  the  direction  of  the  greatest  slope  of  the  ground's  surface,  or 
they  may  be  run  in  parallel  lines  between  the  rows  of  trees,  vines,  corn, 
vegetables,  etc.  Sometimes  this  system  of  irrigation  is  practiced  in 
level  checks  for  trees  and  vines  in  preference  to  the  plan  of  flooding  the 
whole  surface. 

When  grain  land  is  to  be  irrigated  by  the  furrow  method  the  furrows 
are  drawn  8  to  12  feet  apart  in  the  direction  of  the  greatest  sloi)e  of  the 
ground,  unless  this  be  so  great  that  water  flowing  in  the  furrows  would 
cause  erosion.  Should  this  be  the  case  they  are  drawn  obliquely  to  the 
greatest  slope.  The  irrigating  ditches  are  located  on  the  ridges,  if 
there  be  any,  or  on  grade  at  intervals  of  one-half  to  one-quarter  mile 
firom  near  the  upper  edge  of  the  tract  to  be  irrigated,  and  about  parallel 
with  it,  to  near  the  lower  edge  of  the  tract.  The  irrigation  commences 
at  the  highest  point  of  the  field  from  the  upper  ditch.  Water  is 
admitted  into  a  number  of  furrows,  in  which  it  flows  until  moisture 
reaches  the  next  ditch;  it  is  then  turned  into  other  furrows,  until  all 
the  furrows  between  the  first  and  second  ditches  have  been  wet. 
Hereupon  the  water  is  turned  into  the  second  ditch,  another  set  of 
furrows  is  wet,  and  so  on  until  irrigation  is  complete. 

This  system  of  wetting  from  furrows  is  practiced  for  grain  land  as 
well  before  seeding  as  when  a  growing  crop  is  to  be  irrigated.  In  the 
latter  case  the  refilling  of  small  ditches  and  furrows  that  would  other- 
wise interfere  with  harvesting  operations  adds  somewhat  to  the  expense 
of  irrigating. 

Under  the  furrow  system  of  irrigating  each  attendant  ordmarily  con- 
trols about  1^  to  2  second-feet,  and  water  is  generally  turned  oft'  at 
IBR  18 6 
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night,  owing  to  the  difficulty  of  controlling  it  in  the  dark.  On  the 
sandy  soil  of  the  region  covered  by  the  Centerville  &  Kingsbnrg 
Canal,  where  this  methed  of  applying  water  has  foaud  more  favor  than 
elsewhere,  irrigation  progresses  at  the  rate  of  about  2  acres  per  day 
for  each  second-foot  of  water.  Each  irrigation  is  there  equivalent  to 
an  average  depth  of  one-half  foot  of  water  over  all  the  land  irrigated. 
It  should  be  stated,  however,  that  very  little  wheat  land  is  regularly 
irrigated  on  the  Fresno  plains  at  points  where  water  must  be  applied 
to  the  surface  soil.  Irrigation  is  rather  a  last  resort  to  save  a  growing 
crop  which  the  farmer  hoped  would  mature  without  irrigation.  For 
the  regular  irrigation  of  grain  land  it  is  customary  to  rely  upon  one 
irrigation  in  the  fall  of  the  year  before  plowing.  The  moisture  theu 
absorbed  is  sufficient  to  supplement  the  scant  rainfall  and  make  a  good 
harvest  reasonably  certain. 

The  lack  of  natural  deep-cut  drainage  lines  through  the  lands  of  the 
Fresno  district  has  already  been  alluded  to.  Their  absence  has  made 
possible  the  remarkable  filling  of  the  subsoils  with  water  and  the  rising 
of  the  ground  water  to  within  a  few  feet  of  the  surface.  Whenever 
ground  water  is  brought  so  near  the  surface  that  capillary  attraction 
and  the  hygroscopic  properties  of  soil  cause  water  to  rise  safficiently 
high  to  moisten  the  surface  layers  of  soil,  other  methods  of  supplying 
moisture  become  unnecessary.  Orops  are  irrigated  if  ground  water  is 
permanently  held  at  this  height,  or  if  it  is  so  frequently  raised  to  this 
height  that  the  soils  under  cultivation  receive  all  the  moisture  required 
from  below.  Where  water  is  thus  brought  within  reach  of  plant  roots 
the  system  of  irrigation  is  locally  often  referred  to  as  ^<  irrigation  by 
percolation,"  It  becomes  a  system  when,  as  in  the  Mussel  Slough 
country  south  of  Kings  River,  the  canals  at  the  proi^er  season  supply 
the  requisite  amount  of  moisture  to  the  cultivated  tracts  without  bur- 
dening them  with  an  injurious  surplus  during  the  rest  of  the  year. 

By  the  rising  of  the  ground-water  plane  near  Fresno  large  tracts  of 
land  have  been  permanently  moistened.  Some  are  very  thoroughly 
subirrigated,  and  in  many  instances  injuriously  so.  Belief  must  be 
sought  in  some  localities  either  by  drainage  or  by  proper  regulation  of 
the  supply  of  water  to  the  district,  whereby  the  elevation  of  the  water 
table  may  be  controlled. 

Near  the  Fresno  Canal,  about  7  miles  northeast  of  Fresno,  lands  were 
already  too  moist  in  1882  to  permit  farming  operations.  Drain  ditches 
4  feet  deep  were  then  in  use  in  Temperance  Colony  to  drain  the  sur- 
face soil.  In  1885  drain  ditches  4  to  6  feet  deep  were  in  use  in  the 
Eisen  vineyard,  5  miles  east  of  Fresno,  to  keep  ground  water  at  lea^t 
4  feet  below  the  surface  of  the  ground.  Parts  of  the  town  of  Fresno, 
parts  of  Fresno  and  Central  colonies,  and  lands  to  the  north  and  west 
of  Fresno  may  be  cited  as  other  instances  of  the  too  close  proximity  of 
ground  water  to  the  surface. 

Some  reference  has  already  been  made  to  the  time  of  irrigating  cer- 
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tain  kinds  of  crops  and  the  amount  of  irrigation  accomplished  by  a 
stated  amount  of  water.  Some  ftirther  illustration  of  the  time  when 
water  is  required  for  different  products,  and  of  the  quantity  absorbed 
by  soils  under  the  various  conditions  of  irrigation  in  this  vicinity,  may 
not  be  out  of  place  here. 

Alfalfa,  except  when  the  water  table  is  so  near  the  surface  that  soil 
is  kept  moist  from  below  during  the  entire  growing  season  of  this  plant, 
is  almost  invariably  irrigated  once  for  each  crop  of  hay  cut.  The  first 
irrigation  is  early  in  spring  and  the  first  hay  is  cut  in  May ;  the  succeed- 
ing ones  at  intervals  of  about  five  or  six  weeks.  The  number  of  crops 
cut  is  generally  four;  the  average  yield  per  acre  is  1  to  IJ  tons  per  cut- 
ting. Irrigations  subsequent  to  the  first  of  the  season  are  given  either 
before  or  just  after  the  cutting  of  each  crop.  It  is  said  in  favor  of 
irrigation  before  cutting  (about  one  week  or  ten  days)  that  then  the 
ground's  surface  is  shaded,  it  does  not  bake  so  hard  in  drying,  and 
the  new  growth  of  alfalfa  is  better  able  to  withstand  the  heat  of  the  sun 
than  if  subjected  to  an  irrigation  after  the  hay  is  cured.  But,  whenever 
alfalfa  is  irrigated  before  cutting,  in  checks  not  perfectly  level,  water  in 
some  parts  of  these  stands  too  long  about  the  plant,  too  much  of  the 
plant  is  submerged,  and  the  quality  of  the  hay  is  impaired. 

Where  the  ground  water  is  so  close  to  the  surface  that  it  supplies  suf- 
ficient moisture  to  alfalfit  land,  occasional  floodings  are  necessary  to 
drown  gophers. 

Trees  and  vines  were,  until  the  last  few  years,  very  copiously  ahd  very 
frequently  irrigated  in  this  region.  Trees  were  generally  watered  three 
or  four  times  during  the  spring  and  summer;  vines  sometimes  every  two 
to  three  weeks.  The  water  during  the  first  years  of  irrigation  near 
Fresno  was,  almost  without  exception,  applied  to  the  surface,  and  the 
result  was  that  the  roots  of  trees  and  vines  frequently  failed  to  pene- 
trate into  the  subsoils,  entailing  evils  which  could  not  easily  be  cor- 
rected and  which  were  particularly  apparent  in  the  quality  of  the 
product.  The  lesson  was  not  quickly  learned,  but  there  has  been 
decided  improvement.  Less  moisture  is  supplied  to  the  surface  soils 
and  greater  care  is  taken  to  keep  the  surface  well  cultivated.  Capil- 
lary attraction  is  thus  interrupted  at  the  depth  to  which  the  plow  has 
penetrated,  less  moisture  is  brought  into  direct  contact  with  the  air, 
evaporation  is  consequently  reduced,  and  plants  are  enabled  to  get  the 
greatest  possible  benefit  from  the  moisture  already  in  the  soil.  Some 
examples  from  actual  experience  may  illustrate  how  water  is  here  used. 

On  June  16  to  17, 1882,  5  acres  of  alfalfa  in  small  checks  thoroughly 
leveled  were  irrigated  in  eight  hours,  from  6  p.  m.  to  2  a.  m.,  in  Central 
Galifomia  Colony.  The  head  of  water  used  was  0.84  second-foot.  The 
amount  of  water  absorbed  by  the  soil  was  equivalent  to  a  depth  of  0.11 
foot  over  the  entire  5  acres. 

On  the  17th  of  June,  1882,  in  Central  California  Colony,  a  supply  of 
2.26  second-feet  was  divided  into  four  parts  and  each  admitted  into  an 
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alfalfa  check  haviDg  an  area  of  1|  acres.  The  irrigation  of  the  alflftlfa 
commenced  at  6  a.  m.,  and  at  4  p.  m.  the  water  had  been  made  to  cover 
the  entire  area  of  each  check.  AlfEilfa  was  being  irrigated  before  catting. 
The  checks  were  level  and  no  water  was  drawn  off.  The  total  amoant 
supplied  was  equivalent  to  a  depth  over  all  of  0.37  foot.  The  soil  was 
sandy  loam;  hardpan  was  6  feet  below  the  surface;  ground  water  at 
about  12  feet.  Less  water  would  have  been  required  if  the  whole 
stream  had  been  admitted  in  turn  to  each  check. 

On  June  12, 1882,  in  Central  Galifornia  Colony,  two  checks  of  alfalfa, 
290  by  130  and  290  by  200  feet,  respectively,  were  irrigated  at  the  same 
time  with  1.2  second-feet.  Water  was  applied  from  9  a.  m.  to  8  p.  m. 
The  total  amount  supplied  was  equivalent  to  a  depth  of  0.49  foot  over 
the  whole  area  of  the  alfalfa.  The  soil  was  a  sandy  loam,  with  hard- 
pan  at  1  to  2  feet.  This  alfalfa  was  to  receive  five  such  irrigations 
during  the  season. 

On  the  Gould  Ranch,  north  of  Fresno,  one  attendant  in  1882  handled 
about  1  second-foot  of  water.  With  this  amount  of  water  orchard 
lands  were  irrigated  at  the  rate  of  about  4  to  5  acres  per  day  of  twenty- 
four  hours.  The  average  depth  of  the  water  applied  over  the  whole 
surface  of  the  orchard  was  0.40  to  0.50  foot.  The  orchard  received  two 
to  three  irrigations  per  season.  The  trees  of  the  orchard  are  set  about 
16  feet  apart  in  rows  24  feet  apart.  Water  was  run  in  small  ditches 
along  each  row,  and  was  made  to  stand  around  the  body  of  each  tree 
while  irrigation  was  in  progress.  The  surface  of  the  ground  was  not 
leveled  when  the  orchard  was  set  out.  The  soil  is  a  heavy,  dark  loam, 
with  hardpan  at  an  average  depth  of  5  to  7  feet. 

About  4  miles  northeast  of  Selma  2  to  3  acres  of  vines  or  trees 
could  be  irrigated  in  1882  in  one  day  of  twelve  hours  with  1  second- 
foot  of  water.  The  soil  is  a  sandy  loam,  with  no  hardpan  under  it.  It 
bakes  on  the  surface  in  dr3dng.  Ground  water  was  then  some  40  feet 
below  the  surface.  The  method  of  irrigation  is  that  of  running  water 
in  furrows  between  rows.  Several  such  irrigations  per  season  are  given 
to  trees  and  vines. 

In  the  same  vicinity  in  1882,  irrigation  of  grain  with  2  to  3  second- 
feet  was  progressing  at  the  rate  of  3  to  4  acres  per  day  of  twenty-four 
hours.  The  method  of  irrigation  was  the  furrow  method.  Furrows 
were  10  to  12  feet  apart.  The  soil  was  thoroughly  saturated  by  perco- 
lation. The  amount  of  water  absorbed  was  sufficient  to  have  covered 
the  entire  surface  to  a  depth  of  1.42  feet.  One  irrigation  at  any  time 
after  harvest  is  sufficient  to  mature  the  grain  crop  of  the  next  sea.son. 
The  soil  is  a  sandy  loam,  which  bakes  after  wetting,  unless  cultivated 
before  drying.  Hardpan  is  not  continuous;  where  it  does  occur  it  is 
generally  at  8  feet  below  the  surface.    Ground  water  is  at  35  to  40  feet. 

On  June  12, 1882,  in  Central  California  Colony  a  small  check  of  grape> 
vines,  one-fourth  acre,  was  irrigated  in  fifty-five  minutes.  The  cheek 
was  level  and  all  water  standing  m  it  at  the  end  of  the  fifty-five  minutes 
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was  allowed  to  soak  into  the  groaiid.  The  soil  was  still  somewhat  moist 
at  the  time  this  irrigation  commenced.  The  soil  is  a  sandy  loam  1  foot 
deep,  resting  on  a  firm  hardpan,  through  which  holes  were  cut  when 
the  vines  were  set  out.  The  amount  of  water  supplied  was  0.8  second- 
foot,  and  the  total  amount  was  sufficient  to  cover  the  ground  0.25  foot 
deep.  The  vines  appeared  thrifty  and  in  splendid  bearing.  Such  irri- 
gation was  repeated  about  every  three  weeks  until  the  grapes  had 
matured. 

About  a  mile  east  of  Selma,  where  the  soil  is  a  sandy  loam  10  to  25 
feet  deep,  with  ground  water  at  24  feet,  it  was  said  in  1882  that  2  acres 
of  wheat  land  could  be  irrigated  in  one  day  of  twenty-four  hours  by  one 
attendant  with  1^  to  2  second-feet  of  water,  equivalent  to  a  depth  of 
water  over  all  of  about  1.74  feet. 

The  foregoing  statements  must  not  be  accepted  as  an  indication  of 
the  ultimate  duty  of  water  on  the  Fresno  plains.  The  area  irrigated 
per  unit  of  water  will  continue  to  increase,  at  least  until  irrigation  pro- 
duces no  further  permanent  changes  in  the  elevation  of  the  ground- 
water plane. 

Without  attempting  to  express  in  detail  the  acreage  irrigated  per 
cubic  foot  per  second  of  canal  capacity  or  actual  flow  of  water,  it  may 
be  noted  that  the  total  volume  of  water  brought  to  the  vicinity  of 
Fresno  dunng  the  seventeen  yeai-s  1879  to  1896  would  at  a  very  low 
estimate  have  covered  to  an  average  depth  ef  about  0.8  foot  per  annum 
the  entire  260,000  acres  of  the  region  through  which  the  canals  send 
their  branches.  It  would  have  covered  the  50,000  acres  to  whose  sur- 
face water  is  actually  applied  to  an  average  depth  of  4^  feet  per  annum, 
or  to  a  total  depth  of  75  feet.  Some  of  this  water  has  of  course  been  con- 
sumed in  sustaining  plant  life,  more  has  been  evaporated,  but  the  most 
of  it  still  permeates  the  subsoils  of  the  irrigated  region  and  of  the  lauds 
to  the  west. 

WILDFLOWER. 

The  Wildflower  country  is  a  small  portion  of  the  east-side  plain  of 
San  Joaquin  Valley  just  south  of  the  Kings  Kiver  delta  lands.  Its 
limits  may  be  considered  coextensive  with  the  area  covered  by  the 
Emigrant  Canal  and  its  branches.  Sandy  soils  predominate,  the 
heaviest  being  near  Cole  Slough  in  the  southeastern  portion  of  this 
region,  and  the  lightest  along  its  northwestern  border.  The  usual  strip 
of  bad  lands,  strongly  alkaline,  is  found  at  the  south,  near  the  over- 
flow limit  from  Kings  Kiver.  Hardpan  does  not  appear  in  a  continu- 
ous layer  under  the  soil ;  it  is  found  in  spots  or  belts  of  small  extent, 
generally  4  to  8  feet  below  the  surface,  and  usually  but  a  few  inches 
thick. 

For  a  number  of  years  all  the  water  used  for  irrigation  near  Wild- 
flower  was  supplied  by  the  Emigrant  Canal.  As  this  canal  became 
unreliable  as  a  source  of  supply  (due  mainly  to  litigation  concerning 
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ownership  of  its  head  works),  water  from  other  canals,  the  Fowler 
Switch  and  the  Oenterville  &  Kingsburg,  was  brought  into  the  same 
district. 

The  irrigating  period  while  the  Emigrant  Oanal  was  in  fall  service 
oontinned  from  March  to  the  end  of  Aagost.  All  the  water  of  the 
canal  during  that  period  was  apportioned  to  the  distributing  andirri- 
gating  ditches,  and  was  allowed  to  sink  from  these  into  the  subsoils. 
The  method  of  irrigation  was  essentially  that  of  subsurface  saturation, 
which  will  be  fully  described  in  the  notes  on  the  Mussel  Slough  country. 
Alfalfa  fields  are  sometimes  subdivided  into  small  rectangular  checks 
of  one-half  acre  to  2  acres  each,  and  receive  an  occasional  flooding. 
The  surface  of  the  country  is  very  smooth,  and  no  leveUug  or  smooth* 
ing  of  the  surface  was  necessary,  as  at  Fresno.  All  water  delivered  into 
a  check  is  allowed  to  sink  into  the  soil,  which  readily  takes  it.  Orchards 
and  vineyards  are  irrigated,  while  water  is  available,  by  conducting  it 
between  the  rows  of  trees  and  vines  in  small  ditches.  Summer  crops 
are  irrigated  by  the  furrow  method.  Before  lands  were  irrigated 
ground  water  was  here  at  10  to  16  feet  below  the  surface;  it  has  risen, 
as  the  result  of  irrigation,  about  6  feet. 

LIBERTY  AND  MILLRACE  SETTLEMENTS. 

The  region  watered  by  the  Liberty  and  Millrace  canals  is  a  continua- 
tion of  the  Wildflower  country  westward,  and  the  same  notes  with 
reference  to  soils  apply.  Water  supply  has  usually  been  restricted  to 
a  few  months  each  year,  and  the  process  of  subsoil  saturation  has  been 
rather  slow.  Irrigation  is  accomplished  by  flooding  in  small  contour 
checks  or  by  filling  small  ditches  or  furrows  between  rows  of  trees, 
vines,  corn,  or  vegetables.  Water  is  so  freely  absorbed  by  soils  that 
no  drainage  is  necessary. 

LAGUNA  DE  TACHE  RANCHO. 

This  grant,  which  extends  southwesterly  along  the  north  side  of  the 
main  channel  of  Kings  Biver  a  distance  in  a  direct  line  of  about  25 
miles,  from  near  Kingsburg  to  Summit  Lake,  embraces  the  major  por- 
tion of  the  north-side  delta  lands.    Its  hydrographic  features  have 
already  been  dwelt  upon,  and  but  little  more  is  to  be  said  concerniDg 
the  use  of  water  upon  it  for  irrigation.    The  surface  of  the  ground  is 
smooth;  there  are  no  irregularities  except  such  as  have  been  produc^ed 
by  Kings  Kiver  waters.    Predominating  soils  are  deep,  sandy  loams. 
Some  of  the  depressions  near  present  water  courses,  particularly  in  the 
northwestern  and  northern  portions  of  the  rancho,  have  sedimentary 
soil.    The  upper  portion  of  the  rancho,  along  Cole  Slough,  is  in  the 
alkaline  belt.    The  surface  slope  from  east  to  west  is  about  4  feet  to 
the  mile.    Near  Kings  Eiver  is  a  fine  growth  of  oaks.    Willow  thickets 
abound  near  the  river  in  the  southern  portion  of  the  rancho. 
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The  many  delta  streams  have  always  furnished  an  abundance  of 
water  to  subsurface  strata,  so  that  depth  to  ground  water  has  never 
been  very  great — 4  to  16  feet,  varying  somewhat  according  to  locality, 
and  no  doubt  also  somewhat  with  the  seasons.  The  local  control  of 
fluctuations  in  the  elevation  of  the  water  table  is  one  of  the  features 
of  the  method  of  irrigation.  The  canal  supply  is  ample  from  February 
to  August.  Little  or  no  water  is  put  upon  the  surface  of  the  ground. 
Tracts  to  be  irrigated  have  ditches  generally  located  on  the  slight 
ridges  built  up  by  former  water  courses,  from  which  water  sinks  into 
subsoils.  Surplus  waters  are  drained  from  the  flat  depressions  between 
these  ridges  by  a  simple  system  of  drain  ditches.  Crops  irrigated  are 
principally  natural  grasses  and  cereals. 

MUSSEL  SLOUGH  COUNTRY. 

Description. — All  of  the  Kings  Biver  delta  south  of  the  main  channel 
of  the  river  and  west  of  Gross  Greek  is  commonly  known  as  the  Mussel 
Slough  country.  Many  water  courses,  locally  called  sloughs,  former 
channels  of  Kings  Biver,  course  through  this  region  from  north  to 
south.  The  heads  of  most  of  these  have  long  been  filled  with  deposits 
from  the  river.  Others  have  more  recently  been  artificially  closed.  A 
great  many  have  been  made  parts  .of  the  distributing  system  of  the 
irrigation  works  of  this  region. 

The  surface  of  the  Mussel  Slough  country  slopes  from  northeast  to 
southwest  at  the  average  rate  of  about  4  feet  to  the  mile,  which  is 
only  about  one-half  the  fall  of  the  ground's  surface  in  the  vicinity  of 
Fresno. 

The  soil  of  this  region  is  all  sedimentary.  Most  of  it  is  sandy  loam, 
varying  somewhat  in  texture  and  color  in  different  localities.  It  is 
sandiest  toward  the  east  and  northeast;  heaviest  toward  the  west  and 
south,  where  it  merges  into  the  peaty  clays  of  the  swampland  belt. 
From  northeast  to  southwest,  at  Grangeville,  a  strip  of  laud  several 
miles  wide  extends  through  this  region,  whose  soil  is  a  dark,  rich  loam, 
generally  considered  of  the  best  in  the  delta.  All  soils  are  deep,  resting 
upon  subsurface  strata  of  sands  and  soft,  sandy  clays. 

Before  the  construction  of  the  Irrigation  canals  in  the  Mussel  Slough 
country,  depth  to  ground  water  was  10  to  18  feet.  It  was  found  at 
greatest  depth  in  the  eastern  and  southern  portions  of  the  delta.  Irri- 
gation very  soon  brought  the  water  table  close  to  the  surface  of  the 
ground,  and  throughout  the  irrigated  portion  of  the  south-side  delta 
it  does  not  now  sink  to  over  8  feet  below  the  surface.  It  has  an  annual 
fluctuation,  rising  during  the  spring  months  when  canals  are  full  of 
water,  and  falling  again  in  the  fall  of  the  year.  In  some  localities  this 
rise  is  so  pronounced  that  standing  water  appears  in  the  depressions, 
forming  ponds  which  do  not  entirely  disappear  until  the  close  of  the 
irrigating  season. 

Canal  system. — ^The  Mussel  Slough  country  is  supplied  with  water 
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for  irrigation  from  Kings  and  Kaweah  rivers.  The  former  sends  water 
through  the  Peoples,  Last  Chance,  Lower  Kings  Biver,  and  Bhoads 
canals  to  the  northern,  central,  and  western  portions  of  the  soath-side 
delta,  while  Kaweah  Biver  supplies  water  to  its  eastern  portions  through 
the  Settlers  and  Lakeside  canals.  For  about  six  mouths  each  year, 
commencing  with  February,  Kings  Biver  furnishes  an  abundance  of 
water  for  the  canals  leading  from  it.  The  canals  from  Kaweah  Biver 
are  not  so  copiously  supplied  with  water,  because  that  river  is  subject 
to  greater  irregularities  of  flow  than  Kings  Biver.  Their  period  of 
flow  is  not  so  long  as  that  of  Kings  Biver  canals,  and  is  largely 
dependent  on  the  conditions  of  the  diversion  of  water  at  the  head  of  St 
Johns  Biver,  where  conflicting  interests  of  difi'erent  irrigated  regions 
have  given  rise  to  repeated  modifications  of  natural  channels.  Ordi- 
narily the  flow  of  Settlers  and  Lakeside  canals  commences  in  January 
and  continues  to  the  end  of  June. 

The  total  amount  of  water  supplied  to  th6  Mussel  Slough  country 
by  the  canals  above  enumerated  is  sufficient  to  cover  the  entire  area 
under  these  canals  and  their  branches  to  an  average  of  several  feet 
per  annum.  It  was  sufficient  in  1885  to  cover  the  land  which  was  then 
in  actual  cultivation  in  this  part  of  the  Elings  Biver  delta  to  a  depth 
of  about  4  feet. 

Irrigation  on  a  noteworthy  scale  commenced  in  1870  in  the  Mussel 
Slough  country  when  the  Lower  Kings  Biver  Canal  was  constructed. 
The  construction  and  extension  of  the  several  other  canals  quickly 
followed.  There  has  been  but  little  extension  of  the  canal  system 
since  1880. 

Each  canal  project  (with  the  possible  exception  of  the  Mussel  Slough 
Canal)  had  its  origin  with  the  settlers  who  needed  water.  The  sole 
consideration  in  each  case  seems  to  have  been  the  securing  of  a  fairly 
reliable  water  supply  at  reasonable  cost  for  use  upon  the  lands  of  the 
projectors  of  each  enterprise.  This  circumstance  will  account  for  the 
apparent  duplication  of  canals;  for,  as  the  irrigated  area  was  extended 
and  additional  lands  were  settled,  it  was  but  natural  ior  the  landowDers 
of  the  new  settlements  to  construct  new  canals  and  to  control  inde- 
pendent canal  works.  The  seven  canals  that  are  or  have  been  in  use 
in  the  Mussel  Slough  country  could  well  be  replaced  either  by  one 
main  canal  from  Kings  Biver  or,  perhaps  better,  by  one  such  canal  and 
one  Hmaller  one  from  Kaweah  Biver. 

The  canals  distribute  water  throughout  the  delta  in  a  network  of 
branches  and  natural  channels,  often  so  intertwined  that  large  areas 
are  benefited  by  the  water  of  several  canals  at  the  same  time.  It 
happens,  too,  that  lands  whose  owners  have  no  claim  upon  water  in  any 
canal  are  here  and  there  so  favorably  located  that  they  are  irrigated 
without  cost  to  owners  by  the  canals  and  ditches  of  their  neighbors* 

Method  of  irrigation. — The  rainfall  in  the  Kings  Biver  delta  is  only 
9  inches  per  annum.    Irrigation  is  necessary  for  the  successful  cultiva- 
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tiou  of  ail  soil  prodacts.  Cereals  and  alfalfa  were  practically  the  ooly 
caltares  from  1K70  until  18S4.  More  attention  is  now  given  to  fruit 
raising,  to  the  CDltivation  of  the  grape,  and  to  diversified  farming. 

To  prevent  wholesale  innndation  of  south-side  delta  lands  a  levee  is 
maint'Sined  along  the  south  bank  of  the  main  channel  of  Kings  Uiver. 
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The  inflow  of  irrigation  water  into  the  district  is  controlled  by  means 
of  regulators  in  the  heads  of  the  principal  canals.  The  flow  of  wsiter 
in  some  of  the  main  canals  and  in  most  canal  branches  is  sluggish, 
■water  being  generally  held  at  a  very  light  grade,  often  by  nse  of  check 
weirs. 
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